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Parasitic Helminths of the Common Loon, Gavia immer, on Its 
Wintering Grounds in Florida 

J. M. Kinsella 1 and Donald J. Forrester 

Department of Pathobiology, College of Veterinary Medicine, University of Florida, Gainesville, Florida 
32611-0880 (e-mail: forresterd@mail.vetmed.ufl.edu) 

abstract: Forty-eight species of helminths (31 trematodes, 5 cestodes, 11 nematodes, and 1 acanthocephalan) 
were collected from 104 sick or dead common loons collected on Florida beaches between 1971 and 1993. 
Twenty-three “normal” loons collected in 1984 were infected with 23 species of helminths (13 trematodes, 4 
cestodes, 3 nematodes, and 3 acanthocephalans). Two trematodes {Microphallus forresteri, Amphimerus a retie us) 
and 3 cestodes ( Neovalipora parvispinae, Armadoskrjabini rostellata, Tetrabothrius macrocephalus) were con¬ 
sidered common species (>20% prevalence) in both host populations. Of the species shared by the 2 host 
groups, 1 cestode (N. parvispinae) and 1 nematode {Streptocara erassicauda longispiculatus) had significantly 
higher prevalences and 2 trematodes (Renicola pollaris and M. forresteri) and 2 cestodes (A. rostellata and 
Microsomacanthus pseudorostellatus) had significantly higher intensities in the sick loons. The greater species 
richness in the sick loons and higher numbers of microphallid trematodes are thought to indicate a shift in the 
loons’ diet due to low fish populations. 

key words: helminths, common loon, parasites, Gavia immer, Florida. 


Common loons, Gavia immer (Briinnich), 
breed as isolated pairs on freshwater lakes in the 
northern United States and Canada and over¬ 
winter in large numbers in the Gulf and Atlantic 
coastal waters of northern Florida (Stevenson 
and Anderson, 1994). Each winter, dead loons 
are found on both Atlantic and Gulf beaches of 
Florida, occasionally reaching epizootic levels 
(Forrester et al., 1997). In one such epizootic 
episode, which occurred from January to March 
1983, more than 13,000 loons were estimated to 
have died. 

The literature on helminths of common loons 
consists primarily of scattered taxonomic de¬ 
scriptions (e.g., trematodes: Guberlet, 1922; Lin¬ 
ton, 1928; Gower, 1939; Dubois and Rausch, 
1967; Kinsella and Deblock, 1997; cestodes: 
Linton, 1927; Joyeux and Baer, 1941, 1950; 
nematodes: Gibson, 1968; Anderson and Forres¬ 
ter, 1974). Chafel and Pokras ( 1992 ) examined 
a small sample of immature and adult common 
loons for helminths on their breeding grounds in 
New England. Forrester et al. (1997) described 
in general terms the helminth fauna of overwin¬ 
tering common loons in Florida, listing com¬ 
bined intensities and abundances of intestinal 
trematodes but not identifying helminths to spe¬ 
cies. Subsequently, Kinsella and Deblock (1997) 


1 Corresponding author present address: 2108 Hilda 
Avenue, Missoula, Montana 5980: 

(e-mail: wormdwb@aol.com). 


examined 5 species of microphallid trematodes 
from this same sample and described 1 species 
as new. Microphallus forresteri. 

Herein, we describe the helminth populations 
of common loons found sick or dead over a 23- 
yr period in Florida and a smaller sample of 
“normal” loons collected in the nonepizootic 
year of 1984. 

Materials and Methods 

A total of 104 dead or moribund common loons 
(hereinafter referred to as sick loons) found on Florida 
beaches were submitted to the Department of Patho¬ 
biology, University of Florida, Gainesville, between 
1971 and 1993. Diagnostic findings on some of these 
loons have been presented elsewhere (White et al., 
1976; Franson and Cliplef, 1993; Forrester et ah, 
1997). Carcasses came from the following general ar¬ 
eas in Florida: the Atlantic Coast (n = 64), the Gulf 
Coast (n = 36), inland lakes (Alachua, Broward, and 
Clay counties) {n = 3), and an unknown locality ( n 
I ; An additional 23 normal loons were collected by 
shooting in the vicinity of Dog Island off the coast of 
Franklin County in 1984 and were used for compara¬ 
tive purposes. Normal loons were defined as healthy 
birds with ample amounts of body fat and robust pec¬ 
toral muscles, weighing >2.8 kg. 

The 23 normal loons were examined shortly after 
death; the remainder were frozen and processed later. 
Techniques for the necropsy of birds and for the col¬ 
lection, fixation, and staining of helminths were similar 
to those described by Kinsella and Forrester (1972). 
Microhabitats examined included the trachea, esopha¬ 
gus, proventriculus, Koilon lining of the gizzard, small 
intestine, cecae, large intestine, cloaca, heart, lungs, 
liver, gallbladder, pancreas, kidneys, and body cavity. 
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Table 1. Helminth parasites of 104 dead or moribund common loons (Gavia immer) found on beaches in 
Florida from 1971 to 1993. 


Helminth species 

(accession no.) L 


No. loons 
infected _ 

Intensity 


Abundance 

ocation* 

(%) 

x ± SE 

Range 

(x ± SE) 

Trematoda 






Microphallus spp.'f 

SI 

38 (37) 

952.8 ± 344.6 

1-10,325 

348.1 ± 132.7 

Apophallus brevis Ransom, 1920 (HWML 38129) 
Plotnikovia fodiens (Linton, 1928) (HWML 

SI 

26 (25) 

211.9 ± 82.3 

1-1,633 

53.0 ± 21.8 

38107) 

L, P 

24 (23) 

12.0 ± 3.0 

1-53 

2.8 ± 0.9 

Amphimerus arcticus Kontrimavitschus and Bach- 
metreva, 1960 (HWML 38108) 

Diplostomum immer Dubois, 1961 (HWML 

L 

22 (21) 

5.7 ± 1.4 

1-29 

1.2 ± 0.4 

38111) 

Renicola pollaris Kontrimavitschus and Bachme- 

SI 

19 (18) 

20.8 ± 6.2 

1-82 

3.8 ± 1.4 

treva, 1960 (HWML 38122) 

K 

17 (17) 

20.2 ± 10.3 

1-181 

3.3 ± 1.8 

Mesostephamis appendiculatoides (Price, 1934) 
(HWML 38128) 

Echinochasmus skrjabini Oschmarin, 1946 

SI 

14 (14) 

11.4 ± 2.7 

1-25 

1.5 ± 0.5 

(HWML 38130) 

SI 

14 (14) 

9.1 ± 2.8 

1-28 

1.2 ± 0.5 

Phagicola longa Ransom, 1920 (HWML 38109) 
Odhneria odhneri Travassos, 1921 (HWML 

SI 

11 (11) 

42.3 ± 20.7 

1-230 

4.5 ± 2.5 

38117) 

Prosthogonimus ovatus (Rudolphi, 1803) (HWML 

CE 

10 (10) 

17.6 ± 10.2 

1-102 

1.7 ± 1.1 

38120) 

Mesorchis denticulatus (Rudolphi, 1802) (HWML 

CL 

10 (10) 

9.5 ± 5.3 

1-55 

0.9 ± 0.6 

38113) 

SI 

9 (9) 

20.1 ± 10.3 

1-93 

1.7 ± 1.0 

Maritrema spp.+ 

Diplostomum gavium (Guberlet, 1922) (HWML 

SI 

7 (7) 

130.1 ± 113.7 

1-810 

8.8 ± 7.8 

38110) 

SI 

7 (7) 

4.3 ± 1.4 

1-11 

0.3 ± 0.1 

Austrobilharzia terrigalensis Johnston, 1917 
(HWML 38132) 

Cotylurus platycephalus (Creplin, 1825) (HWML 

BV 

4 (4) 

1.3 ± 0.3 

1-2 

0.1 ±0.1 

38124) 

Erschoviorchis lintoni (Gower, 1939) (HWML 

SI 

2 (2) 

1.0 

1 

<0.1 ± <0.1 

38125) 

Stictodora lariformicola Sogandares-Bernal and 

P 

2 (2) 

6.5 ± 3.5 

3-10 

0.1 ± 0.1 

Walton, 1965 (HWML 38582) 

Parorchis acanthus (Nicoll, 1906) (HWML 

SI 

1 (1) 

12.0 

12 

0.1 ±0.1 

38114) 

CL 

1 (1) 

3.0 

3 

<0.1 ± <0.1 

Ribeiroia ondatrae (Price, 1931) (HWML 38121) 
Cotylurus erraticus (Rudolphi, 1809) (HWML 

PR 

2 (2) 

5.0 ± 4.0 

1-9 

0.1 ±0.1 

38112) 

SI 

1 (1) 

2.0 

2 

<0.1 ± <0.1 

Microparyphium facetum Dietz, 1909 (HWML 
38123) 

Dendritobilharzia pulverulenta (Braun, 1901) 

CL 

1 (1) 

1.0 

1 

<0.1 ± <0.1 

(HWML 38131) 

Posthodiplostomum minimum (MacCallum, 1921) 

BV 

1 (1) 

1.0 

1 

<0.1 ± <0.1 

(HWML 38126) 

SI 

1 (1) 

4.0 

4 

<0.1 ± <0.1 

Posthodiplostomum sp. 

SI 

1 (1) 

20.0 

20 

0.2 ± 0.2 

Himasthla alincia Dietz, 1903 (HWML 38138) 

SI 

1 (1) 

4.0 

4 

<0.1 ± <0.1 

Tanaisia fedtschenkoi Skrjabin, 1924 

K 

1 (1) 

1.0 

1 

<0.1 ± <0.1 

Parvatrema sp. (HWML 38127) 

SI 

1 (1) 

1.0 

1 

<0.1 ± <0.1 

Cestoda 






Armadoskrjabini rostellata§ (Abdilgaard, 1790) 






(HWML 38133) 

SI 

67 (64) 

107.3 ± 26.9 

1-1,164 

69.1 ± 17.9 

Microsomacanthus pseudorostellatus§ (Joyeux and 
Baer, 1950) (HWML 38134) 

Neovalipora parvispinae (Linton, 1927) (HWML 

SI 

16 (15) 




38136) 

SI 

41 (39) 

53.6 ± 17.1 

1-559 

21.1 ± 7.2 
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Table 1. Continued. 


Helminth species 
(accession no.) 


No. loons 
infected _ 

Intensity 


Ahunri;mre 

Location* 

(%) 

* ± SE 

Range 

U : 

t SE) 

Tctrabothrius inacrocephalus Rudolphi, 1819 
(HWML 38135) 

SI 

29 (28) 

6.9 ± 1.8 

1-46 

1.9 

± 0.6 

Cyclustera ibisac Schmidt and Bush, 1972 
(HWML 38137) 

SI 

8 (8) 

4.0 ± 1.6 

1-12 

0.3 

± 0.2 

Nematoda 







Cosinocephalus obvelatus (Creplin. 1825) (HWML 
38143) 

Paracuaria adunca (Creplin, 1846) (HWML 

E 

31 (30) 

2.2 ± 0.5 

1-14 

0.7 

± 0.2 

.38142) 

Streptocara crassicauda lougispiculatiis Gibson, 

E, PR 

31 (30) 

2.4 ± 0.5 

1-13 

0.7 

± 0.2 

1968 (HWML 38144) 

KL 

30 (29) 

4.9 ± 1.9 

1-57 

1.4 

± 0.6 

Contracaecwn sp. (immature) 

E, PR 

19(18) 

4.0 ± 1.1 

1-18 

0.7 

± 0.3 

Capillaria niergi Madsen, 1945 (HWML 38146) 
Streptocara fonnosus Sugimoto, 1930 (HWML 

SI 

12 (12) 

4.0 ± 2.5 

1-30 

0.5 

± 0.3 

38145) 

KL 

3 (3) 

1.0 

1 

<0.1 

± <0.1 

Splendidofilaria fallisensis (Anderson, 1954) 
Eustrongylides tubifex Nitzch in Rudolphi, 1819 

SD 

3 (3) 

4.7 ± 2.4 

1-9 

0.1 

± 0.1 

(HWML 38150) 

Cyathostoma phenisci (Baudet, 1937) (HWML 

PR 

2 (2) 

6.5 ± 5.5 

1-12 

0.1 

± 0.1 

38147) 

Sciadiocara rugosa Schmidt and Kinsella, 1972 

T 

2 (2) 

3.0 ± 2.0 

1-5 

<0.1 

± <0.1 

(HWML 38148) 

Stegophorus diomedeae (Johnston and Mawson, 

KL 

1 (1) 

1.0 

1 

<0.1 

± <0.1 

1942) (HWML 38149) 

KL 

1 (1) 

1.0 

1 

<0.1 

± <0.1 

Acanthocephala 







Andracantlia gravida Schmidt, 1975 (HWML 
37465) 

SI 

4 (4) 

1.5 ± 0.5 

1-3 

<0.1 

± <0.1 


* BV = blood vessels; CE = cecae; CL = cloaca; E = esophagus; K = kidneys; KL = under Koilon lining; L = liver; P = 
pancreas; PR = proventriculus; SD = subdermal; SI = small intestine; T = trachea. 

t A complex of 3 species: Microphallus forrestcri Kinsella and Deblock, 1997 (HWML 38119), Microphallus nicolli (Cable 
and Hunninen, 1938), and Microphallus sp. 

A complex of 2 species: Maritrcma sp. Harkema and Miller, 1962 and Maritrema sp. near eroliae Yamaguti, 1939 (HWML 
38115). 

§ Annadoskrjabini rostellata and M. pscuclorostellatus were combined because some scolices lacked hooks and could not be 
differentiated. 


Total counts of intestinal trematodes were made by use 
of an aliquot system. 

Ecological terms used in this paper follow the def¬ 
initions given by Bush et al. (1997). Common species 
were arbitrarily defined as those species with >20% 
prevalence; all other species were considered uncom¬ 
mon. Descriptive statistics are presented as a mean ± 
1 SE. Prevalences were compared using chi-square 
analysis of a 2 X 2 contingency table with Yates con¬ 
tinuity correction except where there were fewer than 
5 observations per cell, in which case Fisher’s exact 
test was used. Intensity data were not normally dis¬ 
tributed and were compared by the nonparametric 
Mann-Whitney rank sum test using a commercial mi¬ 
crocomputer program (SigmaStat® Version 2.00, 
1995, Jandel Scientific Software, San Rafael, Califor¬ 
nia). Statistical significance was accepted at P < 0.05. 
Representative specimens of helminths have been de¬ 
posited in the collection of the Harold W. Manter Lab¬ 


oratory (HWML), University of Nebraska, Lincoln. 
Accession numbers are listed for each species depos¬ 
ited. 

Results 

Forty-eight species of helminths (31 trema¬ 
todes, 5 cestodes, 11 nematodes, and 1 acantho- 
cephalan) were collected from 101 of 104 (97%) 
sick loons examined from Florida beaches. In¬ 
fected birds harbored 5.4 ± 0.3 helminth species 
(range, 1-15). The prevalence, intensity of in¬ 
fection, abundance, and location of each hel¬ 
minth are given in Table 1. 

The 23 normal loons collected in 1984 were 
infected with 23 species of helminths (13 trem¬ 
atodes, 4 cestodes, 3 nematodes, and 3 acantho- 
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Table 2. Helminth parasites of 23 “normal” common loons from Dog Island, Franklin County, Florida. 




No. loons 
infected _ 

Intensity 


Abundance 

Helminth species* * * § 

Location* 

(%) 

x ± SE 

Range 

(x ± SE) 

Trematoda 







Renicola pollaris Kontrimavitschus and Bachme- 







treva, 1960 

K 

7 (30) 

3.3 ± 1.4 

1-10 

1.0 ± 

0.5 

Microphallus spp.t 

SI 

6 (26) 

11.8 ± 6.4 

1-32 

3.1 ± 

1.9 

Odhneria odhneri Travassos, 1921 

Amphimerus arcticus Kontrimavitschus and Bach- 

SI 

6 (26) 

3.0 ± 0.3 

2-4 

0.8 ± 

0.3 

metreva, 1960 

L 

5 (22) 

1.8 ± 0.5 

1-3 

0.4 ± 

0.2 

Plotnikovia fodierts (Linton, 1928) 

L, P 

2 (9) 

2.5 ± 0.5 

2-3 

0.2 ± 

0.2 

Mesorchis denticulatus (Rudolphi, 1802) 

SI 

2 (9) 

1.0 

1 

<0.1 ± 

<0.1 

Maritrema sp. near eroliae 

SI 

1 (4) 

3.0 

3 

0.1 ± 

0.1 

Ribeiroia ondatrae (Price, 1931) 

PR 

1 (4) 

4.0 

4 

<0.1 ± 

<0.1 

Microparyphium face turn Dietz, 1909 

C 

1 (4) 

1.0 

1 

<0.1 ± 

<0.1 

Dendritobilharzia pulverulenta (Braun, 1901) 

H 

1 (4) 

1.0 

1 

<0.1 ± 

<0.1 

Austrobilharzia terrigalensis Johnston, 1917 

BV 

1 (4) 

2.0 

2 

<0.1 ± 

<0.1 

Cestoda 







Neovalipora parvispinae (Linton, 1927) 

SI 

20 (87) 

19.5 ± 5.8 

1-1 16 

16.9 ± 

5.8 

Annadoskrjabini rostellata + (Abdilgaard, 1790) 
Microsomacanthus pseudorostellatus j: (Joyeux and 

SI 

12 (52) 

9.8 ± 5.0 

1-63 

5.1 ± 

2.8 

Baer, 1950) 

SI 

4 (17) 





Tetrabothrius macrocephalus Rudolphi, 1819 

SI 

6 (26) 

2.0 ± 0.7 

1-5 

0.5 ± 

0.3 

Nematoda 







Cyathostoma phenisci (Baudet, 1937) 

Streptocara crassicauda longispiculatus Gibson, 

T 

2 (9) 

1.0 

1 

<0.1 ± 

<0.1 

1968) 

KL 

1 (4) 

1.0 

1 

<0.1 ± 

<0.1 

Capillaria mergi Madsen, 1945 

SI 

1 (4) 

1.0 

1 

<0.1 ± 

<0.1 

Acanthocephala 







Andracantha gravida Schmidt, 1975 

SI 

3 (13) 

1.3 ± 0.3 

1-2 

0.2 ± 

0.1 

Polyniorphus brevis§ (Van Cleave, 1916) 

SI 

1 (4) 

1.0 

1 

<0.1 ± 

<0.1 

Southwellina hispida§ Van Cleave, 1925 

SI 

1 (4) 

1.0 

1 

<0.1 ± 

<0.1 


* BV = blood vessels; C = cloaca; H = heart; K = kidneys; KL = under Koilon lining; L = liver; P = pancreas; PR = 
proventriculus; SI = small intestine; T = trachea. 

t A complex of 3 species: Microphallus forresteri Kinsella and Deblock, 1997, Microphallus nicolli (Cable and Hunninen, 
1938), and Microphallus sp. 

$ Annadoskrjabini rostellata and M. pseudorostellatus are combined because some scolices lacked hooks and could not be 
differentiated. 

§ HWML 38139 for P. brevis and HWML 38140 for .S', hispida. 


cephalans) (Table 2). Twenty-one of 23 birds 
(91%) were infected with 4.0 ± 0.4 species 
(range, 1-8). Only 2 species collected ( Poly- 
morphus brevis and Southwellina hispida ) were 
not found in the first host sample, making a total 
of 50 species in all. 

Immature hymenolepid cestodes of 2 species, 
Annadoskrjabini rostellata and Microsomacan- 
thus pseudorostellatus, could be distinguished 
by the size of their rostellar hooks, 45-47 |xm 
and 56-57 |xm, respectively. Because hooks had 
been lost from many scolices, intensity data for 
these species were combined; prevalence of each 
species was based on the presence of at least 1 


scolex with hooks. Prevalence and intensities of 
3 species of Microphallus were combined be¬ 
cause many specimens were in poor condition 
and could not be distinguished. One species. Mi¬ 
crophallus forresteri, comprised >90% of the 6 
species of microphallids collected, including the 
2 Maritrema species and Odhneria odhneri. No 
adult Contracaecum were collected, so the com¬ 
mon loon may not be a competent host for this 
nematode group. 

Ten common helminth species (4 trematodes, 3 
cestodes, and 3 nematodes) were found in the sick 
loons and 7 were found in the normal loons (4 
trematodes and 3 cestodes). Apophallus brevis, 
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Paracuaria adunca, and Cosmocephalus obvelatus 
were common in the sick loons but absent in the 
normal loons. Five species (M. forresteri, Amphi- 
merus arcticus, Neovalipora parvispinae, A. ros- 
tellata, and Tetrabothrius macrocephalus ) were 
common in both host populations. Considering 
both samples combined, infections with 8 species 
(4 trematodes, 2 nematodes, and 2 acanthocepha- 
lans) consisted of a single specimen in 1 or 2 host 
individuals. Five other trematode species were 
found in only 1 host individual but had intensities 
of 2-20. 

Of the species shared by the 2 host groups, 1 
cestode (N. parvispinae ) and 1 nematode (Strep- 
tocara crassicauda longispiculatus ) had signifi¬ 
cantly higher prevalences but not higher inten¬ 
sities in the sick loons. Two trematodes (Reni- 
cola poliaris and M. forresteri ) and 2 cestodes 
(the combined A. rostellata and Microsomacan- 
thus pseudorostellatus) had significantly higher 
intensities but not prevalences in the sick loons. 
No shared species had higher prevalences or in¬ 
tensities in normal loons. 

Discussion 

Species diversity in the sick loons (48) was 
double that in the normal loons (23), as might 
be expected from the larger sample size, much 
longer time span, and multiple collection local¬ 
ities. However, 8 of the species found only in 
the sick loons were from a single host individual 
and could be considered accidental parasites. 
Twenty-one of 23 species (93%) found in nor¬ 
mal loons were also found in sick loons. 

According to Mcintyre and Barr (1997), quan¬ 
titative data on the diet of the common loon are 
lacking, but fish are the primary component. 
When fish are scarce or water is murky, crusta¬ 
ceans constitute a major part of the diet. In an 
analysis of an epizootic involving up to 13,000 
common loons in Florida in 1983, Forrester et 
al. (1997) speculated that large numbers of mi- 
crophallid trematodes were an indicator of a ma¬ 
jor shift in the diet of the loons to crustaceans 
and shrimp because of low fish populations. In 
that study, a subset of sick loons different than 
that used here were infected with a mean of 
7,665 intestinal trematodes compared with a 
mean of only 23 in the nonepizootic year of 
1984 (the same normal loons used here). This 
shift was thought to have led to salt loading and 
increased physiological stress on the loons, con¬ 
tributing to their death. A species of Microphal¬ 


lus that comprised about 99% of the total num¬ 
ber of microphallids in that study has subse¬ 
quently been described as M. forresteri by Kin- 
sella and Deblock (1997). 

The sick loons examined here also had large 
numbers of Microphallus spp. (Table 1), with 
significantly higher intensities than normal 
loons, but the diversity of the sample in time and 
space makes it difficult to draw any conclusions 
as to their effect on the health of the hosts. Two 
species of cestodes had higher intensities in sick 
loons than in normal loons, but many of the in¬ 
fections consisted of scolices only and probably 
had little effect on the condition of the host. The 
high species diversity in the sick loons may in¬ 
dicate that they were utilizing a greater variety 
of prey items than were the normal loons pos¬ 
sibly, as speculated by Forrester et al. (1997), 
because of a shortage of fish populations during 
epizootic years. 

The only parasite survey of Gavia immer on 
its summer range was by Chafel and Pokras 
(1992), who examined 20 birds from 4 New 
England states and reported 9 species of hel¬ 
minths (5 trematodes, 2 cestodes, 1 nematode, 
and 1 acanthocephalan). Direct comparison is 
difficult because 3 helminths were not identified 
to species and intensities were only listed as 
mild, moderate, or severe. Three species of 
trematodes (A. brevis, E. lintoni, C. erraticus) 
and 1 cestode ( T . macrocephalus) were shared 
between summer and winter ranges, and 1 spe¬ 
cies of cestode ( Hymenolepis sp.) and nematode 
(Eustrongylides sp.) are likely also to be species 
found in Florida. In general, the prevalence of 
helminths was much lower on the summer 
range, with only 1 species (A. brevis) occurring 
in >10% of the loons, and species richness was 
considerably reduced (9 vs. 50). The greater va¬ 
riety in the diet on the winter range may explain 
these differences, although more study of loons 
on their summer range is needed. 
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abstract: Thirty-nine species of helminths (21 trematodes, 12 nematodes, 2 acanthocephalans, and 4 cestodes) 
were collected from 103 of 106 (97%) great egrets ( Ardea albus) from Florida, 1987-1997. Infected birds 
harbored a mean of 6 helminths (range, 1-23). Twenty-eight species are new host records. The most prevalent 
helminths were trematodes of the genera Posthodiplostomum and Ascocotyle (represented by at least 4 species 
each) and the nematode Contracaecum multipapillatum. A review of the parasitic helminths reported from great 
egrets is also presented. 
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Great egrets {Ardea albus, Ciconiiformes) 
range in the Americas from southern Canada to 
southern Chile and Argentina (American Orni¬ 
thologists’ Union, 1983). In southern Florida, 
great egrets nest colonially between January and 
May of each year, foraging on fish and inverte¬ 
brates (Frederick et al., 1997). Although there is 
little information on movement and dispersion 
patterns of great egrets, there is some indication 
that this species does move considerable dis¬ 
tances within the Americas. Lincoln (1939) re¬ 
ported movements of banded great egrets from 
Florida to South Carolina and from Mississipp 
to Canada, Colombia, Honduras, and El Salva¬ 
dor. 

A list of the helminth species known to oc¬ 
cur in great egrets is presented in Table 1. 
Most of the reports come from Latin America 
(Mexico, Brazil, Argentina, Colombia, Vene¬ 
zuela, and Cuba), with some information from 
the United States. None of these studies, how¬ 
ever, represent complete parasite surveys. The 
objective of the present study was to conduct 
the first systematic survey of helminths in 
great egrets and to determine the prevalence, 
intensity, and abundance of infection by each 
helminth species. 


5 Corresponding author: Maria Soledad Sepulveda, 
U.S.G.S. National Biological Survey, Florida Carib¬ 
bean Center, 7920 NW 71st Street, Gainesville, Florida 
32653. 


Methods 

One hundred six great egrets were collected from 
1987 through 1997 from 9 counties in Florida (Okee¬ 
chobee = 37 birds; Monroe = 25; Collier = 15; Dade 
= 11; Pinellas = 7; Broward = 5; Lee = 3; Palm 
Beach = 2; Hillsborough = 1). Based on body mea¬ 
surements (bill length and body weight) and plumage 
characteristics, birds were divided into 4 age catego¬ 
ries: nestlings, fledglings, juveniles, and adults. The 
mean ± SD (range) of bill length (cm) and body 
weight (g) for the 4 age categories were: 4.4 ± 2.1 
(1.5-11.2) cm and 219 ± 179 (18.7-820) g for nest¬ 
lings; 9.0 ± 0.5 (8.3-9.5) cm and 481 ± 17 (465-500) 
g for fledglings; 11.2 ± 0.7 (9.3-12.1) cm and 825 ± 
166 (500-1,110) g for juveniles; and 11.6 ± 0.6 (10.5- 
12.2) cm and 887 ± 255 (620-1,240) g for adults. 
Dead nestlings and fledglings were collected during 
regular visits to breeding colonies (between February 
and July), and juveniles and adults were collected ei¬ 
ther as roadkills or from rehabilitation centers (year 
round). Birds from rehabilitation centers were included 
in the study only if they died soon after their arrival 
at the centers and if they did not receive any treatment 
while in captivity. The sample included a total of 82 
nestlings (37 males, 34 females, and 11 of unknown 
gender), 4 fledglings (1 female and 3 males), 13 ju¬ 
veniles (6 females, 6 males, and 1 of unknown gender), 
and 7 adult males. In general, both captive and free- 
ranging birds were examined for the presence of par¬ 
asites 24-48 hr after they died. Techniques for the nec¬ 
ropsy of birds and for the collection, fixation, and 
staining of helminths were similar to those described 
by Kinsella and Forrester (1972). The terms preva¬ 
lence, intensity, and abundance used here follow the 
definitions given by Bush et al. (1997). Because the 
tissues examined for parasites differed among birds, 
the prevalence for each species of helminth was deter¬ 
mined by dividing the number of birds infected with 
a given helminth by the number of birds in which the 
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Table 1. Parasitic helminths reported from great egrets (Ardea albus). Species in bold and marked by • 
were collected from great egrets in the present study. 


Helminth 

Geographic location 

Source 

Trematoda 

• Posthodiplostomum minimum 

(MacCallum, 1921) 

Mexico 

Ponce de Leon, 1995 

Posthodiplostomum nanum 

Dubois, 1937 

Argentina 

Boero et al., 1972 

Ascocotyle (Phagicola) angrense 

Travassos, 1916 

Louisiana, U.S.A. 

Sogandares-Bernal and Lumsden, 1963 


Argentina 

Boero et ah, 1972 

• Ascocotyle ( Phagicola ) diminuta 

Stunkard and Haviland, 1924 

Mexico 

Scholz et ah, 1997a 

Ascocotyle chandleri 

Lumsden, 1963* 

Texas, U.S.A. 

Lumsden, 1963 

Ascocotyle (Phagicola) longa 

Ransom, 1920 

Florida, U.S.A. 

Hutton and Sogandares-Bernal, 1960 

Ascocotyle megalocephala 

Price, 1932 

Mexico 

Scholz et ah, 1997a 

• Ascocotyle ( Phagicola) nana 

Mississippi, U.S.A. 

Font et ah, 1984 

Ransom, 1920 

Mexico 

Aguirre-Macedo and Garcia-Magana, 1994 


Mexico 

Scholz et ah, 1997a 

Ascocotyle nunezae Scholz, Vargas-Vasquez, 

Vidal-Marti'nez, and Aguirre-Macedo, 1997 

Mexico 

Scholz et ah, 1997b 

• Ascocotyle tenuicollis 


Aguirre-Macedo and Garcia-Magana, 1994; Saiga- 

Price, 1935 

Mexico 

do-Maldonado et ah, 1997; Scholz et ah, 1997a 

Ascocotyle sp. 

Florida, U.S.A. 

Hutton, 1964 

Apharyngostrigea cornu 

Mississippi, Georgia, 


(Zeder, 1800) 

Tennessee, U.S.A. 

Byrd and Ward, 1943 

Aphaiyngostrigea brasiliana 

(Szidat, 1928) 

Venezuela 

Dubois, 1968 


Argentina 

Boero et ah, 1972 

Strigea pseudibis 

Odening, 19621 

Germany 

Dubois, 1968 

• Clinostomum complanatum 

(Rudolphi, 1814) 

Colombia 

Rietschel and Werding, 1978 


Mexico 

Ramos-Ramos, 1995 

Clinostomum detruncatum Braun, 18991 

Venezuela 

Braun, 1899 

• Ribeiroia ondatrae (Price, 1931) 

Brazil 

Yamaguti, 1971 

• Ignavia venusta Freitas, 1948 

Brazil 

Freitas, 1948 

Philophthalmus lacrymosus 

Braun, 1902 

Brazil 

Freitas, 1955 

Amphimerus interruptus 

(Braun, 1901) 

Mexico 

Ramos-Ramos, 1995 

Cladocystis trifolium 

(Braun, 1901) 

Mexico 

Ramos-Ramos, 1995 

Nematoda 

• Contracaecum multipapillatum 

(Drasche, 1882) 

Mexico 

Vidal-Marti'nez et ah, 1994 

Contracaecum microcephalum 

(Rudolphi, 1809) 

Brazil 

Vicente et ah, 1995 

Porrocaecum reticulation 

(Linstow, 1899) 

Brazil 

Vicente et ah, 1995 

• Tetrameres sp. 

Louisiana, U.S.A. 

Mollhagen, 1976 

• Eustrongylides ignotus 

Delaware, U.S.A. 

Wiese et ah, 1977 

Jagerskiold, 1909 

Ohio, U.S.A. 

Cooper et ah, 1978 


Florida, U.S.A. 

Spalding et ah, 1993 


Texas, U.S.A. 

Franson and Custer, 1994 

Eustrongylides sp. 

Louisiana, U.S.A. 

Roffe, 1988 

Cestoda 

• Cyclustera ibisae (Schmidt 

and Bush, 1972) 

Cuba 

Rysavy and Macko, 1971 

Valipora sp. 

Cuba 

Rysavy and Macko, 1971 


* Experimental infection, 
t Collected from captive birds. 
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tissue examined was found to harbor that species of 
helminth. Representative specimens have been depos¬ 
ited in the U.S. National Parasite Collection, Beltsville, 
Maryland (USNPC 87691-87727, 82334). 

Results and Discussion 

The prevalence, mean intensity of infection, 
abundance, and location of helminths from great 
egrets are presented in Table 2. At least 1 of 39 
species of helminths (21 trematodes, 12 nema¬ 
todes, 4 cestodes, and 2 acanthocephalans) were 
collected from 103 of the 106 birds (97%) ex¬ 
amined. Infected birds harbored a mean of 6 hel¬ 
minth taxa (range, 1-23). Twenty-eight of these 
species represent new host records. 

Strigeids of the genus Posthodiplostomum 
were the most common trematodes collected in 
this study, and great egrets were infected with 4 
species: P. opisthosicya, P. boydae, P. macro- 
cotyle, and P. minimum. Unfortunately, because 
of their similarity, the latter 2 species could not 
easily be distinguished, so prevalence, mean in¬ 
tensity, and abundance were combined (Table 2). 
In Florida, P. minimum has been reported from 
white ibises ( Eudocimus albus ) (Bush and For¬ 
rester, 1976) and roseate spoonbills ( Ajaia ajaja) 
(Sepulveda et aL 1994), and P. macrocotyle has 
been reported from little blue herons ( Egretta 
caerulea) (Sepulveda et al., 1996). Fish of the 
family Centrarchidae ( Lepomis spp.) are known 
to be intermediate hosts for P. minimum (Pal- 
mieri, 1975). 

Heterophyids of the genus Ascocotyle were 
found commonly in the small and large intes¬ 
tines of great egrets. This genus was represented 
by 5 species: A. diminuta, A. mcintoshi, A. ten- 
uicollis, A. nana, and A. gemina. Except for the 
last species, all are known from great egrets (Ta¬ 
ble 1). Sepulveda et al. (1996) reported a similar 
complex of heterophyid trematodes for little 
blue herons from southern Florida. There are 
several reports on the life cycles of heterophyid 
parasites in Florida. Metacercariae of A. nana 
develop in the centrarchiids Micropterus sal- 
moides, Lepomis microlophus, L. macrochirus, 
and L. humilis (Font et al., 1984), and those of 
A. diminuta, A. mcintoshi, and A. tenuicollis 
have been reported from mosquitofish ( Gambu- 
sia affinis) (Leigh, 1956, 1974; Stein, 1978). 

Great egrets were infected with 3 species of 
echinostomes: Mesorchis denticulatus (=Ste - 
phanoprora denticulata ), Echinochasmus dietz- 
evi, and Microparyphium facetum. These trem¬ 


atodes have been reported in Florida from sea¬ 
birds and long-legged wading birds (Hutton and 
Sogandares-Bemal, 1960; Kinsella, 1972; Court¬ 
ney and Forrester, 1974; Bush and Forrester, 
1976; Sepulveda et al., 1994). 

Oral flukes, Clinostomum spp., are commonly 
found in different species of fish-eating birds in 
Florida (Bush and Forrester, 1976; Threfall, 
1982; Sepulveda et al., 1994, 1996) and were 
collected also from great egrets in the present 
study. Kidney flukes were represented by Igna- 
via venusta and Renicola sp. The former species 
was originally described from great egrets from 
Brazil (Freitas, 1948) and represents the first rec¬ 
ord of the species in North America. Specimens 
of Renicola sp. were collected from only 1 bird 
and only immature parasites were recovered, 
suggesting that great egrets are probably not a 
normal definitive host for this parasite. 

The pancreatic fluke, Diasiella diasi, was 
originally described from anhingas ( Anhinga an- 
hinga) in Brazil by Travassos (1922) and has 
been reported from the osprey ( Pandion haliae- 
tus) and bald eagle ( Haliaetus leucocephalus ) in 
Virginia and the great blue heron ( Ardea hero- 
dias) in Florida (Kinsella et al., 1996). In the 
present study, the prevalence of this parasite was 
probably underestimated because the pancreas 
was examined in only 24 of the 106 egrets. 

Contracaecum sp. adults and larvae were the 
most common nematodes encountered during 
this study, and because all males found were C. 
multipapillatum, this species was assumed to be 
the only one present. In Florida, this species of 
Contracaecum has been collected from ciconi- 
iforms and pelecaniforms as definitive hosts 
(Courtney and Forrester, 1974; Threlfall, 1982; 
Conti et al., 1986; Sepulveda et al., 1994, 1996) 
and from freshwater fishes (families Centrarchi¬ 
dae, Cyprinidae, Poeciilidae, and Cichlidae) as 
second intermediate hosts (Huizinga, 1967; Vi- 
dal-Martfnez et al., 1994). 

Tetramerid nematodes were also commonly 
found in this study. Great egrets were infected 
with a mixture of Tetrameres microspinosa and 
an undescribed species ( Tetrameres sp.). Mature 
females were found embedded in the glandular 
tissue of the stomach, and in extreme cases of 
parasitism (close to 500 females were collected 
from 1 bird) the mucosa had a mottled appear¬ 
ance, covered with purple-red cystlike lesions 
that resembled hematomas. Each of these cysts 
contained female Tetrameres sp. Because of fe- 
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Table 2. Parasitic helminths of 106 great egrets (Ardea albus ) from Florida. 



Lo- 

USNPC 

Sample 

sizef 

Preva- 


Intensity 

Mean 

Helminth 

cation 

no. 

lence 

Mean 

Range 

dance 

Trematoda 

Posthodiplostomum spp. + S 

3 

87691, 

70 

66 

556 

1-16,000 

367 

Posthodiplostomum opisthosicya 

Dubois, 1969 

3 

87692 

87693 

70 

43 

318 

1-1,260 

137 

Posthodiplostomum boydae 

Dubois, 1969§ 

3 

87694 

70 

10 

79 

1-270 

8 

Ascocotyle tenuicollis 

Price, 1935 

4 

87695 

68 

54 

112 

1-1,140 

60 

Ascocotyle ( Phagicola ) diminutci 

Stunkard and Haviland, 1924 

3 

87696 

70 

33 

64 

1-3,580 

21 

Ascocotyle gemina 

Font, Overstreet, and Heard, 1984§ 

4 

87697 

68 

26 

44 

1-260 

1 1 

Ascocotyle mcintoshi 

Price, 1936§ 

3 

87698 

70 

6 

7 

1-9 

<1 

Ascocotyle ( Phagicola ) nana 

Ransom, 1920 

3 

87699 

70 

40 

171 

2-1,360 

68 

Apharyngostrigea pipientis 
(Faust, 1918)§ 

3 

87700 

70 

41 

26 

1-240 

11 

Echinochasrnus dietzevi 

Issaitschkoff, 1927 § 

3 

87701 

70 

30 

107 

1-520 

32 

Clinostomum complanatum 
(Rudolphi, 1814)§ 

1 

87702 

73 

30 

4 

1-35 

1 

Clinostomum attenuatum 

Cort, 1913 

1 

87703 

73 

18 

6 

1-36 

1 

Microparyphium facetum 

Dietz, 1909§ 

5 

87704 

68 

26 

7 

1-47 

2 

Diplostomum ardeae 

Dubois, 1969§ 

3 

87705 

70 

16 

27 

1-240 

4 

Mesorchis denticulatus 
(= Stephanoprora denticulata) 
(Rudolphi, 1802)§ 

3 

87706 

70 

13 

4 

1-10 

<1 

Ribeiroia ondatrae 
(Price, 1931 )§ 

2 

87707 

103 

9 

7 

1-17 

<1 

Pholeter anterouterus 

Fischthal and Nasir, 1974§ 

3 

87708 

70 

9 

13 

1-40 

1 

Ignavia venusta 

Freitas, 1948 

6 

87709 

47 

6 

3 

1-4 

<1 

Diasiella diasi 
(Travassos, 1922)§ 

7 

87710 

24 

4 

5 


<1 

Renicola sp.§ 

6 

87711 

47 

2 

24 


<1 

Nematoda 

Contracaecum multipapillatum 
(Drasche, 1 882) 

1, 2 

87712 

103 

77 

37 

1-203 

28 

Tetrameres spp.§|| 

2 

87713 

103 

38 

70 

1-871 

27 

Eustrongylides ignotus 

Jiigerskiold, 1909 

2 

82334 

103 

38 

3 

1-10 

1 

Destnidocercella numidica 

Seurat, 1920§ 

3, 9 

87714 

70 

21 

74 

1-660 

16 

Capillaria herodiae 

Boyd, 1966§ 

3 

87715 

70 

21 

7 

1-21 

1 

Desportesius trianuchae 
(Wright, 1879)§ 

2 

87716 

103 

9 

26 

1-131 

2 

Desportesius invaginatus 
(Linstow, 1901)§ 

2 

87717 

103 

6 

2 

1-5 

<1 

Desportesius larvae 

2 


103 

9 

1 

1-60 

<1 

Avioserpens galliardi 

Chabaud and Campana, 1949§ 

1, 8 

87718 

63 

4 

1 

1-2 

<1 
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Table 2. Continued. 



Lo¬ 

USNPC 

Sample 

sizef 

Preva¬ 

Intensity 

Mean 
_ abun¬ 

Helminth 

cation 

no. 

lence 

Mean Range 

dance 

Acuaria multispinosa 

Perez Vigueras, 19388 
Chandleronema longigutterata 

? 

87719 

103 

2 

4 1-6 

<1 

(Chandler, 1942)8 

Cosinocephaltts obvelatus 

2 

87720 

103 

1 

2 

<1 

(Creplin, 1825)8 

1 

87721 

73 

1 

2 

<1 

Cestoda 







Clossocercus caribaensis 
(Rysavy and Macko, 1971)8 
Dendroulerina ardeae 

3 

87722 

70 

7 

7 1-26 

<1 

(Rausch, 1955)§ 

Cyclustera ibisae 

3 

87723 

70 

7 

2 1-3 

<1 

(Schmidt and Bush, 1972) 

3 

87724 

70 

1 

1 

<1 

PlerocercoidS# 

10 

87725 





Acanthocephala 







Polytnorphus brevis 
(Van Cleave, 1916)8 
Arhxmorhynchus pumilirostris 

3 

87726 

70 

39 

22 1-180 

9 

Van Cleave, 19168 

3 

87727 

70 

11 

5 1-13 

<1 


* Location in host: 1 = oral cavity/esophagus; 2 = proventriculus/ventriculus; 3 = small intestine; 4 = large intestine; 5 = 
cloaca; 6 = kidneys; 7 = pancreas; 8 = lungs; 9 = coelomic cavity; 10 = subcutaneous tissue. 

t Number of organs examined differed among birds. 

:j: A complex of two species: P. macrocotyle Dubois, 1937 (USNPC No. 87692) and P. minimum (MacCallum, 1921) (USNPC 
No. 87691). 

8 New host record. 

|| A complex of two species: T. microspinosu and Tetrameres sp. 

# Because subcutaneous tissue was not regularly checked for the presence of parasites, the prevalence, mean intensity, and 
abundance of infection were not calculated for this parasite. 


males embedded the number of nematodes pre¬ 
sent could have been underestimated and could 
explain why only males were usually recovered. 

In the great egret, acuariid nematodes were 
represented by 5 species: Desportesius trianu- 
chae, D. invaginatus, Acuaria multispinosa, 
Chandleronema longigutterata, and Cosmoce- 
phalus obvelatus. The latter 3 species were un¬ 
common, suggesting that great egrets are prob¬ 
ably not the normal definitive host. Although ac- 
uariids of the genus Desportesius were recov¬ 
ered at higher prevalences, in 9 birds only larval 
stages were found, and thus identification to spe¬ 
cies was not possible. 

The nematode Desmidocercella numidica has 
been reported from the air sacs of several cicon- 
iiform birds (Anderson, 1959; Conti et al., 
1986). In the present study, this species was 
found in the gastrointestinal tract (mainly small 
intestine, but also stomach, large intestine, and 
cloaca), coelomic cavity, kidneys, lungs, tra¬ 
chea, and liver. The occurrence of this nematode 


in so many different organs, including the body 
cavity, might have been a technique artifact; the 
worms may actually have been in the air sacs 
and may have contaminated the surfaces of dif¬ 
ferent organs during the process of parasite re¬ 
covery. 

Acanthocephalans and cestodes were repre¬ 
sented by 2 and 4 species, respectively. The pre¬ 
sent study constitutes the first report of acantho¬ 
cephalans in great egrets. Cyclustera ibisae 
(=Parvitaenia heardi ) was the most common 
cestode found. This parasite was originally de¬ 
scribed from several species of fish-eating birds, 
including great egrets, from Cuba (Rysavy and 
Macko, 1971), and in Florida it has been re¬ 
ported from brown pelicans ( Pelecanus occiden¬ 
talis) (Courtney and Forrester, 1974) and reddish 
egrets ( Egretta rufescens ) (Conti et al., 1986). 
One bird harbored 2 immature cestodes (plero- 
cercoids) in the subcutaneous tissue. Because 
plerocercoid stages are found in the life cycles 
of all pseudophyllidean cestodes and consider- 
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ing that the pseudophyllidean Spirometra man- 
soni is a common parasite of several carnivores 
in Florida (Forrester, 1992), the immature tape 
worm stages found in great egrets may belong 
to this species. To our knowledge, this is the first 
report of plerocercoids in an avian host. 

Although the main purpose of this study was 
not to evaluate the pathological effects of hel¬ 
minths on their hosts, some conclusions can be 
made in this respect. With the exception of in¬ 
fections with some species of trematodes ( Pos- 
thodiplostomum spp., Ascocotyle spp., and E. 
dietzevi) and nematodes (C. multipapillatum, Te- 
trameres spp., and Eustrongylides ignotus ), 
great egrets had relatively low intensities of par¬ 
asites and their presence was not associated with 
significant lesions. Infections with the nematode 
E. ignotus have been implicated as an important 
cause of mortality in great egret nestlings from 
Ohio (Cooper et al., 1978), Delaware (Wiese et 
al., 1977), Florida (Spalding et al., 1993), and 
Texas (Franson and Custer, 1994). 
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Metazoan Parasites of the Atlantic Spadefish Chaetodipterus faber 
(Teleostei: Ephippidae) from the Coastal Zone of the State of 
Rio de Janeiro, Brazil 

Anderson D. Cezar 1 and Jose Luis Luque 

Departamento de Parasitologia Animal—Curso de Pos-Graduagao em Medicina Veterinaria—Parasitologia 
Veterinaria, Universidade Federal Rural do Rio de Janeiro, Caixa Postal 74508, Seropedica, Rio de Janeiro, 
Brazil, 23890-000 (e-mail: acezar@domain.com.br and jlluque@domain.com.br) 

abstract: One hundred ten Atlantic spadefish Chaetodipterus faber { Broussonet, 1782) (Teleostei: Ephippidae) 
collected from the coastal zone of the State of Rio de Janeiro, Brazil (21-23°S, 41-45°W) between February 
1995 and March 1996 were necropsied to study their metazoan parasites. The majority of the fish (82.7%) were 
parasitized by 1 or more metazoan species. Ten species of parasites were collected: 4 digeneans, 2 monogeneans, 
and 4 copepods. The copepods were the majority (53.1%) of the total number of parasite specimens collected. 
The caligid Anuretes anurus was the most dominant species with highest prevalence and abundance. Prosogon- 
otrema labiatum and A. anurus showed a positive correlation between the host’s total length and parasite 
abundance, while Parancylodiscoides sp. showed a negative correlation between the host’s total length and 
parasite prevalence and abundance. The sex of hosts did not influence prevalence and abundance of any parasite 
species. The mean diversity in the infracommunities of C. faber was H = 0.659 ± 0.280, with no correlation 
with the host’s total length and with no significant difference between male and female fish. Chaetodipterus 
faber had 4 pairs of parasite species with significant positive association, 3 pairs of endoparasites, and 1 pair of 
ectoparasites. Negative associations were not found. The low diversity and parasite richness observed might be 
linked to the low dietary variation of C. faber. 

key words: parasite ecology, community structure, marine fish, Ephippidae, Chaetodipterus faber, Brazil. 


Chaetodipterus faber (Broussonet, 1782) is a 
benthic fish distributed from New England, 
U.S.A., to southern Brazil (Ditty et al., 1994). 
This species is very common in the southern 
Brazilian coastal zone (Couto and Vasconcelos, 
1980; Menezes and Figueiredo, 1985). The lit¬ 
erature on parasites of C. faber from Brazil is 
taxonomic in scope. Kohn (1966), Fernandes et 
al. (1985), and Wallet and Kohn (1987) recorded 
digenean parasites of C. faber from the state of 
Rio de Janeiro and Amato (1983a, b) from Flo- 
rianopolis, state of Santa Catarina. Recently, Ce¬ 
zar and Luque (1998) redescribed Anuretes an¬ 
urus (Bere, 1936), a copepod parasitic on the 
gills of C. faber from the coastal zone of Rio de 
Janeiro. 

In this report, we analyzed the metazoan par¬ 
asite community of C. faber at the component 
and infracommunity levels and compared our re¬ 
sults with those on parasite communities of other 
marine fishes from the Neotropical region. 

Materials and Methods 

From February 1995 to March 1996, 110 C. faber 
were examined. Local fishermen collected fish from 


1 Corresponding author. 


the coastal zone of the state of Rio de Janeiro (21- 
23°S, 41-45°W). The fish measured 14.0-46.0 cm 
(mean = 27.7 ± 7.1 cm) in total length and weighed 
150-2,430 g (817.5 ± 462.8 g). Fish were identified 
according to Menezes and Figueiredo (1985). The eco¬ 
logical approximation of the metazoan parasite com¬ 
munity was made to component and infracommunity 
levels (Esch et al., 1990). The dominance frequency 
and the relative dominance (number of specimens of 
1 species/total number of specimens of all species in 
the infracommunity) of each parasite species were cal¬ 
culated according to Rohde et al. (1995). Spearman’s 
rank correlation coefficient r s was calculated to deter¬ 
mine possible correlations between the total length of 
hosts and the abundance of parasites. Pearson’s cor¬ 
relation coefficient r was used as an indication of the 
relationship between the host’s total length and the 
prevalence of parasites, with previous arcsine transfor¬ 
mation of the prevalence data (Zar, 1996) and parti¬ 
tioning of host samples into four 10-cm (total length) 
intervals. The effect of host sex on abundance and 
prevalence of parasites was tested using the Z normal 
approximation to the Mann—Whitney test and the chi- 
square test, respectively. Parasite species diversity was 
calculated using the Brillouin index (//), because each 
fish analyzed corresponded to a fully censused com¬ 
munity (Zar, 1996). The probable variation of diversity 
in relation to host sex (Mann-Whitney test) and to host 
total length (Spearman’s rank correlation coefficient) 
were tested. For each infracommunity, the Pielou even¬ 
ness index (7') was calculated (Ludwig and Reynolds, 
1988). The possible interspecific association between 
concurrent species was determined using the chi- 
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Table 1. Prevalence, intensity, mean intensity, and mean abundance of infection of the metazoan parasites 
of Chaetodipterus faber from the coastal zone of the state of Rio de Janeiro, Brazil. 





Mean 

Mean 

Parasites 

% Prevalence 

Intensity 

intensity 

abundance 

Digenea 





Prosogonotrema bilabiatum 

CHIOC No. 33962a, b 

27.3 

1-10 

2.3 

0.6 

Lecithocladium chaelodipteri 

CHIOC No. 33965 

20.9 

1-39 

8.1 

1.7 

Multitestis ( Multitestis ) inconstans 
CHIOC No. 33963a, b 

27.3 

1-45 

7.9 

2.1 

M. ( Multitestoides ) brasiliensis 

CHIOC No. 33964a, b 

11.8 

1-11 

4.0 

0.5 

Monogenea 





Pa rancylodiscoides sp. 

CHIOC No. 33960 

21.8 

1-47 

6.9 

1.5 

Sprostoniella sp. 

CHIOC No. 33961 

8.2 

1-3 

1.2 

0.1 

Copepoda 





Caligus haemulonis 

MNRJ No. 7237-7238 

4.5 

1-5 

2.4 

0.1 

Caligus mutabilis 

MNRJ No. 7289 

5.4 

1-2 

1.3 

0.1 

Anuretes anurus 

MNRJ No. 7284-7285 

65.4 

1-68 

10.1 

6.6 

Lernanlhropus pupa 

MNRJ No. 12874 

30.0 

1-7 

2.2 

0.7 


square test, with the Yates correction. Possible covari¬ 
ation among the abundance of concurrent species was 
analyzed using the Spearman rank correlation coeffi¬ 
cient. Ecological terminology follows Bush et al. 
(1997). The analysis included only parasite species 
with prevalence greater than 10% (Bush et al., 1990). 
Statistical significance level was evaluated at P < 0.05. 
Voucher specimens of collected helminths were de¬ 
posited in the Cole^ao Helmintol6gica do Instituto Os- 
waldo Cruz (CHIOC), Rio de Janeiro, Brazil; cope- 
pods were deposited in the Cole^ao Carcinologica do 
Museu Nacional (MNRJ), Quinta da Boa Vista, Rio de 
Janeiro, Brazil. 

Results 

Component community 

Ten species of metazoan parasites were col¬ 
lected (Table 1). Copepods were the most abun¬ 
dant, with 4 species, and they accounted for 
53.1% of the total parasites collected. Copepods 
parasitized 72 (65.4%) of the hosts, with mean 
abundance of 6.6. Anuretes anurus was the dom¬ 
inant species, with 726 specimens collected 
(52.0% of all parasites), and had the highest val¬ 
ues of mean relative dominance and frequency 
of dominance (Table 2). Digeneans and mono- 
geneans represented 35.3% and 11.5%, respec¬ 
tively, of all parasites collected. 


The average total lengths of male (26.45 ± 
6.55, n = 55) and female (29.0 ± 7.710, n = 
55) fish n the study sample were not signifi¬ 
cantly different ( t = —1.892, P = 0.06). Abun¬ 
dances of Prosogonotrema bilabiatum and A. 
anurus were each positively correlated with host 
total length, while the abundance of Pa- 
rancylodiscoides sp. was negatively correlated 
with host total length (Table 3). The sex of the 
hosts did not influence parasite prevalence and 
abundance of any species (Table 4). 

Infracommunities 

Ninety-one (82.7%) spadefish were parasit¬ 
ized by at least 1 parasite species. A total of 
1,545 individual parasites were collected, with a 
mean abundance of 14.0 ± 21.178 (1-169). No 
relationship between total parasite abundance 
and total body length ( r s = 0.133, P = 0.166) 
and sex (Z = —0.260, P = 0.794) of fish was 
observed. The mean parasite species richness 
2.29 ± 1.683 (1.0—6.0) was not correlated with 
total body length ( r s = 0.091, P = 0.342) and 
sex (Z = —0.115, P = 0.908) of fish. Twenty- 
one hosts (19.1%) showed infection with 1 par¬ 
asite species, and 25 (22.7%), 18 (16.4%), 20 
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Table 2. Frequency of dominance and mean relative dominance of the components of the community of 
metazoan parasites of C. faber from the coastal zone of the state of Rio de Janeiro, Brazil. 


Parasites 

Frequency of 
dominance 

Frequency of 
dominance shared 
with one or more 
species 

Mean relative dominance 

Prosogonotrema bilabiatum 

2 

0 

6.330 ± 14.303 

Lecithocladium chaetodipteri 

7 

2 

7.984 ± 17.185 

Multitestis ( Multitestis ) inconstans 

10 

2 

11.218 ± 19.723 

M. ( Multitestoides ) brasiliensis 

1 

2 

3.610 ± 12.082 

Parancylodiscoides sp. 

9 

2 

10.764 ± 25.934 

Anuretes anurus 

46 

7 

48.816 ± 35.397 

Lernanthropus pupa 

3 

2 

8.325 ± 17.696 


(18.2%), 2 (1.8%), and 5 (4.5%) had multiple 
infections with 2, 3, 4, 5, and 6 parasite species, 
respectively. Mean parasite species diversity ( H ) 
was 0.659 ± 0.280; the maximum diversity was 
1.307. The Pielou evenness index (/') had a 
mean of 0.824 ± 0.536. Parasite diversity was 
not correlated to host total length (r s = 0.194, P 
= 0.107), and no significant differences (Z < 
0.01, P > 0.50) in parasite diversity were ob¬ 
served between male (H = 0.650 ± 0.258) and 
female spade fish (H = 0.670 ± 0.306). 

Parasite infracommunities were separated into 
two groups, ectoparasites (monogeneans and co~ 
pepods) and endoparasites (digeneans), to deter¬ 
mine interspecific associations. Among the ec¬ 
toparasites, only 1 copepod species pair, Leman- 
thropus pupa and A. anurus, shared significant 
positive association and covariation (Table 5). 
The infracommunities of endoparasites had 3 
pairs of digeneans that exhibited significant pos¬ 
itive associations and covariations: Multitestis 
(. Multitestis ) inconstans and P. bilabiatum, M. 
(M.) inconstans and Lecithocladium chaetodip- 
teri, and M. ( Multitestoides) brasiliensis and P. 
bilabiatum (Table 6). 


Discussion 

The present study detected some patterns in 
the structure of the metazoan parasites of C. fa¬ 
ber: (1) ectoparasite dominance, (2) low parasite 
richness and diversity, and (3) absence of cor¬ 
relation of parasite abundance, at the infracom¬ 
munity level, with the size or sex of the host. 
These patterns were somewhat different from 
those recorded for other benthic marine fishes 
from the coastal zone of the state of Rio de Ja¬ 
neiro (Luque et al., 1996a, b; Knoff et al., 1997; 
Chaves and Luque, 1998). The parasite com¬ 
munity of C. faber was dominated by ectopara¬ 
sites, and this was in disagreement with results 
on other Brazilian marine fishes where digene¬ 
ans were the dominant parasites. This difference 
might be explained by the diet of C. faber. Ac¬ 
cording to Couto and Vasconcelos (1980) and 
Hayse (1990), the diet of C. faber showed few 
ontogenetic changes and was restricted to some 
species of isopods, hydroids, and polychaetes, 
potential intermediate hosts for digeneans. Bit- 
tencourt (1990) gave evidence of the herbivo¬ 
rous habits of C. faber. The monoxenic life cy- 


Table 3. Spearman’s rank correlation coefficient (r 4 .) and Pearson’s correlation coefficient (r) values used 
to evaluate possible relationships between the total length of C. faber and abundance and prevalence of 
the components of its parasite community from the coastal zone of the state of Rio de Janeiro, Brazil, (P 
= significance level). 


Parasites 

r s 

P 

r 

P 

Prosogonotrema bilabiatum 

0.221 

0.023 

-0.312 

0.602 

Lecithocladium chaetodipteri 

0.023 

0.832 

-0.633 

0.254 

Multitestis ( Multitestis ) inconstans 

0.182 

0.495 

0.712 

0.172 

M. (Multitestoides ) brasiliensis 

0.042 

0.653 

0.141 

0.821 

Parancylodiscoides sp. 

-0.293 

0.002 

-0.891 

0.043 

Anuretes anurus 

0.244 

0.015 

0.482 

0.412 

Lernanthropus pupa 

0.065 

0.520 

-0.763 

0.131 
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Table 4. Normal approximation Z of the Mann-Whitney test and chi-square (\ 2 ) test values used to 
evaluate possible relationships between the sex of C. faber and abundance and prevalence of the compo¬ 
nents of its parasite community from the coastal zone of the state of Rio de Janeiro, Brazil. (P = signifi¬ 
cance level). 


Parasites 

Z 

P 

X 2 

P 

Prosogonotrema bilabiaturn 

-0.343 

0.733 

0.182 

0.662 

Lecithocladium chaetodipleri 

-0.202 

0.831 

0.212 

0.645 

Multitestis ( Multitestis ) iuconstans 

-0.355 

0.723 

0.421 

0.514 

M. ( Multitestoides ) brasiliensis 

-0.543 

0.592 

0.793 

0.373 

Parancylodiscoides sp. 

-0.262 

0.792 

0.213 

0.645 

Anuretes anurus 

-0.782 

0.943 

0.162 

0.684 

Lernanthropus pupa 

-0.191 

0.842 

0.182 

0.672 


cles of copepods and monogeneans, in addition 
to possible permanent or temporarily aggregated 
patterns within C. faber populations, might in¬ 
crease the probability of successful parasite 
transmission by the free-living larval stages of 
these ectoparasites (Roubal, 1990). 

Another difference of the parasite community 
of C. faber from other fishes of the Brazilian 
coastal zone was the absence of correlation be¬ 
tween parasite abundance and diversity and the 
host size. As pointed out in the classic study by 
Polyanski (1961), quantitative and qualitative 
changes in parasitism are expected with fish 
growth. According to Saad-Fares and Combes 
(1992), in the case of the digeneans, this corre¬ 
lation might be influenced by changes in the diet 
of the fish. Regarding ectoparasites, changes in 
levels of the parasitism with changing host size 
are expected because the surface area of the in¬ 
fection site increases with growth, and this pro¬ 
vides more space to larval monogeneans and co¬ 
pepods (Fernando and Hanek, 1976). However, 
at the component community level, some dige¬ 
neans and monogeneans did show correlations 
between host size and parasite abundance, with 


some heterogeneity in the population features of 
the spadefish’s parasite community. This situa¬ 
tion is clear in the ectoparasites. Abundance and 
prevalence of the copepod A. anurus were each 
positively correlated with host total length, while 
the abundance and prevalence of the monoge- 
nean Parancylodiscoides sp. were negatively 
correlated with host total length. Better expla¬ 
nation of these patterns will only be possible 
when the life cycles of the parasites and their 
relationship with spadefish feeding patterns and 
population dynamics become known. 

Absence of correlation between the sex of the 
host and the prevalence and abundance of com¬ 
ponents of the parasite community of marine 
fishes is common. An exception was seen in Mu- 
gil platanus from Rio de Janeiro, in which 30% 
of the components of its parasite community 
showed differences in their prevalences and 
abundances relative to host sex (Knoff et al., 
1997). In C. faber, the lack of such correlation 
might be attributed to similarity in ecological re¬ 
lationships (behavior, habitat, and diet) of males 
and females as stated by Luque et al. (1996a) 
and Takemoto et al. (1996). According to Poulin 


Table 5. Concurrent species pairs of ectoparasites on C. faber from the coastal zone of the State of Rio 
de Janeiro, Brazil. Significant values are underlined. 


Parancylodiscoides sp. 


A. anurus L. pupa 



Parancylodiscoides sp. — 

Anuretes anurus —0.598 

Lernanthropus pupa 0.624 


-0.059 

8.566 


0.104 

0.283 


* r s = Spearman rank correlation coefficient, 
t x 2 = chi-square test. 
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Table 6. Concurrent species pairs of endoparasites in C. faber from the coastal zone of the State of Rio 
de Janeiro, Brazil. Significant values are underlined. 





M. (M.) 

M. (M.) 


P. bilabiatuin 

L. chaelodipteri 

inconstans 

brasiliensis 






Prosogonotrema bilabiatuin 

_ __ 

0.081 

0.337 

0.279 

Lecithoclacliinii chaelodipteri 

0.081 

— 

0.302 

0.003 

Multitestis ( Multitestis ) inconstans 

10.742 

5.332 

— 

0.1 18 

M. (Muititestoides) brasiliensis 

5.248 

0.014 

0.930 

— 

x 2 '< 


:i: r s = Spearman rank correlation coefficient. 
$ x 2 = chi-square test. 


(1996), the influence of host sex on parasite 
prevalence and abundance is a topic hardly 
touched upon in discussions of community anal¬ 
ysis, and it is necessary to conduct experiments 
that show the influence of other factors, mainly 
on physiology and behavior of the fish. 

Ecological disturbances are determining fac¬ 
tors in the structure of parasite communities 
(Holmes, 1990). In this study, we collected few¬ 
er digeneans than in the studies by Amato 
(1983a, b) of fishes from Florianopolis, Santa 
Catarina, Brazil, which is influenced by the sub¬ 
tropical convergence (meeting of the warm Bra¬ 
zilian Current with the cold Falkland Current). 
According to Luque et al. (1996a), this situation 
is also seen regarding the digeneans of the hae- 
mulid fish Orthopristis ruber. This suggests that 
the subtropical convergence might provide var¬ 
iation in ecological conditions that could affect 
the population dynamics and diversity of para¬ 
sites. This situation is mentioned in other papers 
on the ecology of parasites of marine fishes from 
the South American Pacific Ocean, a region 
dominated by an upwelling system and the ape¬ 
riodic El Nino-Southern Oscillation (ENSO) 
phenomenon (Oliva et al., 1996; Oliva and 
Luque, 1998). Additional studies are needed to 
quantify the impact of ecological disturbances 
on the structure and composition of parasite 
communities of marine fishes of the Neotropical 
region. 

Another characteristic of the parasite com¬ 
munity of C. faber was the absence of larval 
digeneans, cestodes, and acanthocephalans, 
which are generally common in marine teleost 
fishes (George-Nascimento, 1987). This could 
suggest that the limited diet of C. faber does not 


favor its participation as intermediate or trans¬ 
port host in the life cycle of these parasites. The 
absence of larval helminths has also been seen 
regarding the sciaenid fishes from the Peruvian 
coastal zone, and it will be fully explained only 
by additional information on the population fea¬ 
tures of the potential intermediate and definitive 
hosts. 

Four pairs of positively associated species 
were detected. Associations among parasites 
suggested that infective stages occurred in the 
same habitat or at least, in some cases, with the 
occurrence of cumulative infection of the fish by 
another species (Rohde et al., 1994). In the con¬ 
generic digeneans Multitestis (M.) inconstans 
and M. (M.) brasiliensis, the absence of associ¬ 
ation showed that possibly the intermediate 
hosts belong to different items of the diet of C. 
faber. This situation may be a function of the 
diet of C. faber. Negative associations were not 
found. However, according to Rohde et al. 
(1994), the detection of interspecific associations 
between parasites must be confirmed by exper¬ 
iments on the biology of the parasite species to 
provide conclusive evidence for the presence or 
absence of interspecific competition. 

Rohde et al. (1995) stated that the metazoan 
ectoparasite communities of marine fish live in 
nonsaturated, little-ordered assemblages. This 
postulate apparently is also valid for endopara- 
site communities of marine fish from South 
America. Data obtained from other neotropical 
marine fish also showed the low degree of com¬ 
petitive interactions and, in some cases, the 
dominance of generalist species (George-Nasci 
mento and Iriarte, 1989; Luque, 1996; Luque et 
al., 1996b; Oliva et al., 1996; Takemoto et al., 
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1996; Knoff et al., 1997; Chaves and Luque, 
1998; Oliva and Luque, 1998). The parasite 
community of C. faber can be included as yet 
another example of this. 
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Diplostomes from the Brown Pelican, Pelecanus occidentalis 
(Pelecanidae), from the Galveston, Texas Area, including Two New 
Species of Bursacetabulus gen. n. 

Norman O. Dronen, 13 Maria R. Tehrany, 1 and William J. Wardle 2 

1 Laboratory of Parasitology, Department of Wildlife and Fisheries Sciences, Texas A&M University, 

College Station, Texas 77843 and 

2 Department of Marine Biology, Texas A&M University, Galveston, Texas 77553 

abstract: During a study of digeneans of shorebirds from the Galveston, Texas, area of the Gulf of Mexico, 
brown pelicans, Pelecanus occidentalis, were found to be infected with 2 species of a new genus of Diplostom- 
idae, Bursacetabulus pelecanus sp. n. and B. macrobursus sp. n. Bursacetabulus gen. n. can be distinguished 
from all other genera of Diplostominae by having an inconspicuous, pouchlike tribocytic organ that contains 
portions of the uterus and vitellaria, a suckerlike copulatory bursa, and ceca terminating some distance anterior 
to the posterior end of the body. The new genus is most similar to Tylodelphys but has a much shorter hind 
body, the vitellaria do not extend past the testes in the hind body, and it lacks a prepharynx, genital cone, and 
highly structured tribocytic organ. Bursacetabulus macrobursus sp. n. can be distinguished from B. pelecanus 
sp. n. by having a larger body size and a large bell-shaped skirt around the copulatory bursa. One of the brown 
pelicans also harbored Bolbophorus confusus, not previously reported from this host. 

KEY words: Diplostomidae, Diplostominae, Bursacetabulus macrobursus sp. n., Bursacetabulus pelecanus 
sp. n., Pelecanus occidentalis, Gulf of Mexico, Galveston, Texas. 


The brown pelican, Pelecanus occidentalis 
Linnaeus, 1766, is a piscivorous species that 
ranges in the Americas from North Carolina to 
Brazil in the east and from California to Chile 
in the west (Rappole and Blacklock, 1994). 
Courtney and Forrester (1974) examined 130 
brown pelicans from Florida and Louisiana and 
found 11 species of trematodes but did not re¬ 
port any species of diplostomes. Although 2 spe¬ 
cies of diplostomes have been reported from the 
American white pelican, Pelecanus erythrorhyn- 
chus Gmelin, 1789 ( Bolbophorus confusus 
(Krause, 1914) Dubois, 1935, by Fox and Olsen 
[1965] and Diplostomum spathaceum (Rudolphi, 
1819) Olsson, 1876, by McLaughlin [1974]), 
none have been reported from the brown peli¬ 
can. The purpose of this study was to expand 
our knowledge of the diplostomes from the 
brown pelican. 

Materials and Methods 

Three moribund brown pelicans salvaged from the 
Galveston Bay area of the Gulf of Mexico, died under 
the care of licensed bird rehabilitators between 1 May 
1994 and 3 January 1997 and were examined imme¬ 
diately after death for intestinal parasites under the di¬ 
rection of Dr. Jackie Cole of Galveston, Texas (U.S. 
Fish & Wildlife Service permit no. PRT 760668; Texas 
Parks & Wildlife Department permit no. TX SPH 


3 Corresponding author (e-mail: n-dionen@tamu.edu). 


0491253; Texas Veterinary license no. 5982). Live 
specimens of endohelminths from a fourth brown pel¬ 
ican were provided by the U.S. Fish and Wildlife Ser¬ 
vice (Dr. Tom Craig, Texas Veterinary Diagnostic Lab¬ 
oratory, College of Veterinary Medicine, Texas A&M 
University) on 5 January 1998. Trematodes were re¬ 
laxed in saline, heat-fixed under slight coverslip pres¬ 
sure in AFA, stained in Semichon’s carmine, and 
mounted in Kleermount® or Canada balsam. Drawings 
were done with the aid of a drawing tube. Measure¬ 
ments are given as the mean, followed by the range in 
parentheses, unless otherwise stated. 

Results 

One of 4 brown pelicans harbored 6 speci¬ 
mens of Bolbophorus confusus (Bolbophoridae 
Shoop, 1989), and all 4 harbored 2 undescribed 
species of Diplostomidae Poirier, 1886 (Diplos¬ 
tominae Monticelli, 1888), representing a new 
genus. 

Bursacetabulus gen. n. 

Diagnosis: Diplostomidae, Diplostominae. 
Body aspinose, bisegmented; forebody longer 
than hind body, with large, inconspicuous, 
pouchlike tribocytic organ. Oral sucker and 
pharynx present; bifurcate ceca, terminating 
some distance from posterior end; prepharynx 
absent. Pseudosuckers present, acetabulum ab¬ 
sent. Vitellaria distributed primarily in forebody, 
extending laterally into tribocytic organ and ven- 
trolaterally a short distance into hind body. Re- 
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Figures 1-3. Bursacetabulus gen. n. 1. Ventral view of B. pelecanus sp. n. showing suckerlike copula- 
tory bursa (B), eggs in uterus (E), seminal vesicle (S), and testes (T). 2. Side view of B. pelecanus sp. n. 
showing seminal vesicle (S), testes (T), and tribocytic organ (TO). 3. Ventral view of B. macrobursus sp. 
n. showing copulatory bursa surrounded by bell-shaped skirt (B), eggs in uterus (E), seminal vesicle (S), 
and testes (T). 


productive organs in hind body; testes smooth Etymology: Genus named for the sucker- 
to slightly lobed, tandem; cirrus sac absent; ova- like appearance of the copulatory bursa, 
ry median to slightly dextral, immediately pre- 

testicular. Genital pore opening into well devel- ursacetabulus pelecanus sp. n. 

oped suckerlike bursa at posterior extremity, (Figs. 1, 2) 

Genital cone absent. Eggs large, operculate. Ex- Description (based on 10 adult speci- 
cretory pore opening dorsally on midline of mens): With characteristics of the genus. Body 
body, just anterior to copulatory bursa. indistinctly bisegmented, 1,210 (1,074-1,400) 

Type species: Bursacetabulus pelecanus sp. n. pm long; forebody slightly spatulate, 886 (790- 
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1,130) |xm long by 535 (470-650) |xm wide, 
hind body 535 (480-600) |xm long by 475 (390- 
550) |xm wide. Oral sucker subterminal, 55 (40- 
70) |xm long by 58 (50-65) |xm wide. Pseudo¬ 
suckers well developed, 96 (80-112) |xm long 
by 59 (50-75) |xm wide. Acetabulum absent. 
Tribocytic organ circular to elliptical, 290 (280- 
300) pm long by 300 (250-375) pm wide. Pre¬ 
pharynx absent, pharynx 46 (36-55) |xm long by 
49 (40-65) |xm wide, esophagus 19 (15-28) pm 
long, ceca terminating just posterior to middle 
of hind body. Ratio of pharynx to oral sucker 1: 
1.2. Testes smooth, tandem; anterior testis 180 
(150-220) |xm long by 245 (190-300) pm wide, 
posterior testis 168 (140-210) pm long by 258 
(220-330) pm wide. Copulatory bursa well de¬ 
veloped, suckerlike, forming posterior end of 
hind body. Seminal vesicle voluminous, highly 
coiled, extending posteriorly from level of ovary 
to near anterior margin of copulatory bursa. 
Ovary median to slightly dextral, 77 (55-95) |xm 
long by 86 (60-100) pm wide. Ootype located 
at level of anterior testis, near midline of body. 
Laurer’s canal not observed. Vitelline follicles 
large, distributed primarily in forebody, extend¬ 
ing laterally into tribocytic organ and ventrolat- 
erally into hind body to level of posterior testis. 
Uterus intercecal, with medial loops extending 
into tribocytic organ, joining seminal vesicle just 
above anterior margin of copulatory bursa. Eggs 
83 (72-90) pm long by 55 (47-65) pm wide. 

Type host: Pelecanus occidentalis Linnae¬ 
us. 

Type locality: Galveston County, Texas, 
area of the city of Galveston. 

Site of infection: Small intestine. 

Specimens deposited: Holotype U.S. Na¬ 
tional Parasite Collection (USNPC) 88112; par- 
atypes USNPC (2 specimens) 88113 and the 
University of Nebraska State Museum Harold 
W. Manter Laboratory (HWML) (3 specimens) 
39905. 

Etymology: Named for the genus of the 
host from which it was collected. 

Bursacetabulus macrobursus sp. n. 

(Fig. 3) 

Description (based on 10 adult speci¬ 
mens): With characteristics of genus. Body in¬ 
distinctly bisegmented, 1,830 (1,470-2,250) pm 
long; forebody slightly spatulate, 1,250 (1,070- 
1,370) pm long by 885 (750-1,000) pm wide, 
hind body 1,025 (975-1,050) pm long by 740 


(670-805) pm wide. Oral sucker subterminal, 
62 (57-70) pm long by 70 (60-98) pm wide. 
Pseudosuckers well developed, 105 (87-133) 
pm long by 64 (50-75) pm wide. Acetabulum 
absent. Tribocytic organ circular to elliptical, 
385 (375-400) pm long by 340 (330-350) pm 
wide. Prepharynx absent, pharynx 66 (57-75) 
pm long by 62 (47-73) pm wide, esophagus 25 
(17-30) pm long, ceca terminating just posterior 
to middle of hind body. Ratio of pharynx to oral 
sucker 1:1.1. Testes smooth, tandem; anterior 
testis 190 (145-290) pm long by 240 (150-310) 
pm wide, posterior testis 187 (145-280) pm 
long by 260 (130-290) pm wide. Copulatory 
bursa large, suckerlike, surrounded by bell¬ 
shaped skirt, 454 (330-590) pm long by 630 
(490-740) pm wide. Seminal vesicle volumi¬ 
nous, highly coiled, extending posteriorly from 
level of ovary to near anterior margin of copu¬ 
latory bursa. Ovary median to slightly dextral, 
105 (85-120) pm long by 110 (82-138) pm 
wide. Ootype located at level of anterior testis, 
near midline of body. Laurer’s canal not ob¬ 
served. Vitelline follicles, distributed primarily 
in forebody, extending laterally into tribocytic 
organ and ventrolaterally into hind body to level 
of posterior testis. Uterus intercecal, with medial 
loops extending into tribocytic organ, joining 
seminal vesicle just above anterior margin of 
copulatory bursa. Eggs 89 (80-98) pm long by 
57 (47-68) pm wide. 

Type host: Pelecanus occidentalis Linnae¬ 
us. 

Type locality: Galveston County, Texas, 
area of the city of Galveston. 

Site of infection: Small intestine. 

Specimens deposited: Holotype USNPC 
88114; paratypes USNPC (2 specimens) 88115 
and HWML (3 specimens) 39906. 

Etymology: Named for the large, bell¬ 
shaped skirt around the copulatory bursa. 

Discussion 

Bursacetabulus gen. n. bears some similarities 
to Glossodiplostomoides Bhalerao, 1942, Hys- 
teromorpha Lutz, 1931, and Neolaria Lai, 1939 
but can be distinguished from all genera of Di- 
plostominae by having an inconspicuous pouch¬ 
like tribocytic organ that contains portions of 
both the uterus and vitellaria, a well developed 
suckerlike copulatory bursa, and shorter ceca 
that terminate some distance anterior to the pos¬ 
terior end. The new genus is most similar to Ty- 
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lodelphys Diesing, 1850 but differs in having a 
much shorter hind body and vitellaria that ex¬ 
tend into the hind body only to the level of the 
posterior testis instead of beyond the testes. The 
new genus also lacks a prepharynx, a genital 
cone, an acetabulum, and a highly structured tri- 
bocytic organ as seen in species of Tylodelphys. 
The new genus is superficially similar to Aus- 
trodiplostomum Szidat et Nani, 1951, which also 
has an indistinctly bipartite body, may lack an 
acetabulum, lacks a genital cone, and has por¬ 
tions of the uterus entering the tribocytic organ. 
However, unlike Austrodiplostomum, Bursace- 
tabulus gen. n. has a well-developed hind body 
and lacks a well-developed tribocytic organ. 
Bursacetabulus macrobursus sp. n. can be dis¬ 
tinguished from B. pelecanus sp. n. by its larger 
body size and its large bell-shaped skirt around 
the copulatory bursa. 
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Lobatocystis euthynni sp. n. (Digenea: Didymozoidae) from Mackerel 
Tuna (Euthynnus affinis ) from Sulawesi Island, Indonesia 
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abstract: Lobatocystis euthynni sp. n. was found encysted in pairs within the gill sinuses of mackerel tuna 
(Euthynnus affinis ) from the island of Sulawesi, Indonesia. It differs from the other 2 species in the genus in 
having the smallest body size, unequal sizes of the partners, and no lobation on the hindbody. It differs further 
from both L. yaito Yamaguti, 1965, and L. bengalensis Hussain, Hanumantha Rao, and Shyamasundari, 1985, 
in the arrangement of the vitellaria and ovarian tubules and in the relatively large size of the tubular testes. All 

3 species parasitize the same fish host with slightly different Indo-Pacific distributions. The new species co¬ 
occurs with L. yaito in one locality in Sulawesi. 

KEY words: Lobatocystis euthynni, new species, Didymozoidae, Euthynnus affinis, Sulawesi, Indonesia. 


Although 67 heminth taxa were compiled for 
Euthynnus affinis by Pozdnyakov (1990), only 3 
metazoan parasites have been reported for this 
fish host in Indonesia (Arthur, 1992). The first 
author has identified 59 taxa from mackerel tuna 
collected in 1994 and 1995 from 4 localities in 
Sulawesi (Celebes), Indonesia. In this report, a 
new didymozoid digenetic trematode will be de¬ 
scribed from one of the localities. 

Materials and Methods 

Fish were purchased from fish sellers and identified 
by colleagues at Universitas Hasanuddin in Ujungpan- 
dang and Universitas Haluoleo in Kendari. The fish 
were frozen, then thawed with the gills, liver, and di¬ 
gestive and reproductive systems removed and exam¬ 
ined by standard parasitological methods. Helminths 
were preserved unflattened in warm acetic acid-for- 
malin-ethanol, subsequently stained with carmine, and 
mounted in Permount.® Measurements are given as the 
ranges in micrometers; the egg size includes the mean 
and standard deviation in parentheses. Holotype and 
paratypes were deposited in the U.S. National Parasite 
Collection (USNPC). 

Results 

Lobatocystis euthynni sp. n. 

(Figs. 1-3) 

Family Didymozoidae, subfamily Didymozo- 
inae. Description based on 5 specimens. En¬ 
cysted in pairs, partners unequal in size, with 
forebodies loosely associated with each other at 
shallow pockets of hindbodies. Completely her¬ 
maphroditic with unequal pairs in different stag- 


3 Corresponding author. 


es of maturity, e.g., smaller of the pair less ovig- 
erous. Forebody scoop shaped, 918-1,142 by 
366-510, 49-52 at its narrowest, attached at 
center of hindbody in shallow pocket (Fig. 1). 
Oral sucker terminal, with muscular anterior, 
nonmuscular posterior parts, 164-219 by 90- 
100; pharynx rudimentary. Esophagus long, 
slender, dividing into ceca in midforebody; ceca 
narrow in forebody, not visible in hindbody. 
Genital pore at base of oral sucker. Hindbody 
triangular in shape with smooth edges, flattened 
anteriorly, rounded posteriorly, 1,081-3,142 by 
959-1,958 (Fig. 2). Testes divided into 7-8 long, 
broad tubular, unbranched lobes arranged radi¬ 
ally in anterior part of hindbody at its junction 
with forebody. Vas deferens sinuous, entering 
forebody and continuing anteriorly to end with 
metraterm at genital pore. Ovary comprising 7— 
8 long narrow branches, originating from genital 
complex at middle of hindbody, taking sinuous 
course to body periphery; branches confined 
mostly to posterior half of body. Mehlis gland 
complex situated at middle of hindbody, from 
which radiate vitelline, ovarian, and uterine 
branches (Fig. 3). Juel’s organ an oval sac situ¬ 
ated near Mehlis gland. Vitellaria largely con¬ 
fined to posterior half of hindbody, consisting of 
7 primary branches originating as 2 groups from 
rounded vitelline reservoir situated adjacent to 
Mehlis gland. Each primary branch dividing into 
branches, resulting in numerous subbranches 
that extend to periphery of hindbody, where they 
terminate blindly. Uterus originating from Meh¬ 
lis gland with numerous narrow coils that fill 
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Figures 1-3. Holotype of Lobatocystis euthynni sp. n. from the gill sinus of Euthynnus affinis. 1. Fore¬ 
body of L. euthynni. 2. Hindbody of L. euthynni. Scale of measurements in millimeters. 3. Genital complex 
of L. euthynni. j = Juel’s organ, m = Mehlis gland, o = ovary, v — vitellaria, u = uterus. 


entire hindbody without forming a uterine res¬ 
ervoir. Metraterm well developed with circular 
muscles, running straight anteriorly in intercecal 
space to join vas deferens at genital pore at base 
of oral sucker. Eggs small, bean shaped (n — 25) 
12-20 by 7-10 (14.7 ± 1.79 by 8.36 ± 1.04). 

Taxonomic summary 

Type host: Euthynnus affinis (Cantor). 

Site in host: Gill sinus. 

Date of collection: July 1994. 

Prevalence and intensity: 2/25, 1-2 pairs. 

Type locality: IJjungpandang, Sulawesi Is¬ 
land, Indonesia. 


Holotype: USNPC. 88295 
Paratype: USNPC. 88296 
Etymology: The specific name is derived 
from the generic name of the host, Euthynnus. 

Discussion 

On the basis of the scoop-shaped forebody, 
triangular-shaped hindbody, radially arranged 
testes, and intertwining branches of the ovary 
and vitellaria, the didymozoid digenean was as¬ 
signed to the genus Lobatocystis Yamaguti, 
1965. The new species differs from the other 2, 
L. yaito Yamaguti, 1965, and L. bengalensis 
Hussain, Hanumantha Rao, and Shyamasundari, 
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1985, in the smooth hindbody, smaller body 
size, distribution of the ovarian and vitelline 
branches, and unequal size of the partners. The 
shape of the hindbody of L. euthynni is winglike, 
without the asymmetric lobation of L. yaito or 
the bilateral lobation of L. bengalensis. The 
hindbody is considerably smaller in size, with 
the holotype of L. euthynni measuring 3 mm in 
maximum length compared to more than 7-10 
mm for the other 2 species. The site of L. eu¬ 
thynni is within the gill sinus in contrast to L. 
yaito, which is found on the gill arch, and L. 
bengalensis, which is reported on the “gills.” 
The first author has observed and collected L. 
yaito (prevalence given later) and has observed 
the larger size, yellow coloration, and distinct 
asymmetric lobation of the paired cysts loosely 
attached to the tissue of the gill arches. 

All 3 species are reported from the same host 
with slightly different Indo-Pacific distributions. 
Yamaguti (1965, 1970) described L. yaito from 
mackerel tuna in Hawaii. The first author has 
found L. yaito in 2 of 4 localities in Sulawesi, 
in 2/25 fish in Ujungpandang and 4/27 fish in 
Kendari. These locality records are new for L. 
yaito. None of the hosts infected with L. yaito 
in Ujungpandang was infected with L. euthynni. 
Madhavi (1982) reported L. yaito from the Bay 
of Bengal, so the type species appears to have 
the widest distribution. Hussain et al. (1985) also 
described L. bengalensis from the Bay of Ben¬ 


gal. All 3 helminths have low prevalence and 
intensity in their scombrid hosts. 

Acknowledgments 

This work was supported by grant 5168 from 
the National Geographic Society. Transportation 
was subsidized in part by the Eastern Indonesia 
Universities Development Project, Simon Fraser 
University. The late Lies Suleman and Gunarto 
Latama arranged for the purchase of fish and use 
of laboratory facilities in Kendari and Ujung¬ 
pandang, respectively. 

Literature Cited 

Arthur, J. R., ed. 1992. Asian Fish Health Bibliog¬ 
raphy and Abstracts. I: Southeast Asia Fish Health 
Section. Asian Fisheries Society Special Publica¬ 
tion 1, Manila. 252 pp. 

Hussain, A., K. Hanumantha Rao, and K. Shya- 
masundari. 1985. On digenetic trematodes of the 
family Didymozoidae Poche, 1907 from fishes of 
Waltair Coast (Bay of Bengal). Rivista di Paras- 
sitologia 46:91-97. 

Madhavi, R. 1982. Didymozoid trematodes (including 
new genera and species) from marine fishes of the 
Waltair Coast, Bay of Bengal. Systematic Parasi¬ 
tology 4:99—126. 

Pozdnyakov, C. E. 1990. Helminths of Scombrid 
Fishes of the Pacific Ocean. Akademii Nauk S. S. 
R., Vladivostok. 186 pp. (In Russian.) 

Yamaguti, S. 1965. New digenetic trematodes from 
Hawaiian fishes, Part 1. Pacific Science 19:458- 
481. 

-. 1970. Digenetic Trematodes of Hawaiian 

Fishes. Keigaku Publishing Company, Tokyo. 436 

pp. 


Copyright © 2011, The Helminthological Society of Washington 



J. Helminthol. Soc. Wash. 

66(1), 1999 pp. 28-32 

Nematodes of the Indian Star Tortoise, Geochelone elegans 
(Testudinidae) with Description of a New Species Alaeuris geochelone 
sp. n. (Oxyurida: Pharyngodonidae) 
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abstract: Five species of pharyngodonid nematodes were recovered from the large intestines of captive Indian 
star tortoises, Geochelone elegans (Schoepff, 1794). These were identified as Alaeuris geochelone sp. n., Meh- 
diella microstoma, Tachygonetria conica nicollei, T. dentata quentini, and T. macrolaimus dessetae. The char¬ 
acteristics of A. geochelone sp. n. are a very long esophagus, about half of the body, the hemicircular broad 
caudal alae that reach to the postanal caudal papillae, gubernaculum with rounded knob at distal end, and two 
claw-shaped lateral lips of the cloaca. All the nematodes found represent new host records. 

key words: pharyngodonid nematoda, Indian star tortoise, Geochelone elegans, Alaeuris geochelone sp. n., 
Mehdiella microstoma, Tachygonetria conica nicollei, T. dentata quentini, T. macrolaimus dessetae. 


The Indian star tortoise, Geochelone elegans 
(Schoepff, 1794), Testudinidae, is an herbivo¬ 
rous reptile that is distributed in India, Pakistan, 
and Sri Lanka (Iverson, 1992). This is one of 
the tortoises listed under the Convention on the 
International Trade in Endangered Species of 
Wild Fauna and Flora (CITES). The tortoises 
studied in this work were provided to us from 
Maruyama Zoo, Sapporo City, Hokkaido, and 
Tennoji Zoo, Osaka City, Osaka, in Japan. They 
were seized by Customs at Nagoya, Japan, in 
November 1995 and were placed in zoos. Their 
origin is unknown. 

The parasite fauna of G. elegans has not been 
previously studied, but 6 genera and about 54 
species of Pharyngodonidae have been de¬ 
scribed from tortoises (Adamson, 1994). In the 
present study, we describe a new species of 
Alaeuris Thapar, 1925, and report 4 other spe¬ 
cies of Pharyngodonidae from the Indian star 
tortoise. 

Materials and Methods 

Thirteen Indian star tortoises died in the Maruyama 
and Tennoji zoos between May and December 1996. 
Whole animals or viscera were fixed in 10% formalin. 
No specific cause of death was identified at necropsy, 
but nematodes were recovered from the large intestines 
of 7 tortoises. The nematodes were washed with water 
and cleared in lactophenol for identification. Drawings 
were made with an Olympus microscope drawing at¬ 
tachment. Measurements were done using an Olympus 
video micrometer (Model VM-30). Specimens for 
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scanning electron microscopy (SEM) were fixed in 2% 
buffer glutaraldehyde (pH 7.3). After being treated in 
2% tannic acid, the specimens were washed in distilled 
water, postfixed in 1% osmium tetroxide, dehydrated 
in an ethanol series, and critical point dried. Specimens 
were coated with gold-palladium and examined with a 
Hitachi field emission scanning electron microscope 
(Model S-4100) at 15 kV. Measurements are in micro¬ 
meters unless otherwise noted, with range followed by 
number measured and mean ± standard deviation in 
parentheses. 

Results 

Five species of nematodes were recovered, in¬ 
cluding a new species, Alaeuris geochelone sp. 
n. The other four species recovered are as fol¬ 
lows: Mehdiella microstoma (Drasche, 1884) 
Seurat, 1918; Tachygonetria conica nicollei 
(Seurat, 1918) Petter, 1966; Tachygonetria den¬ 
tata quentini Petter, 1966; and Tachygonetria 
macrolaimus dessetae Petter, 1966. Prevalence, 
mean intensity, and mean abundance of these 
species are presented in Table 1. All the nema¬ 
todes found represent new host records. Speci¬ 
mens of each nematode species were deposited 
in the Laboratory of Parasitology, Department of 
Disease Control, Graduate School of Veterinary 
Medicine, Hokkaido University, Japan: A. geo¬ 
chelone sp. n. (Helm. Coll. No. 2973-2975), M. 
microstoma (Helm. Coll. No. 2976), T. conica 
nicollei (Helm. Coll. No. 2977), T. dentata 
quentini (Helm. Coll. No. 2978), and T. macro¬ 
laimus dessetae (Helm. Coll. No. 2979). The de¬ 
scription of the new species follows. 
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Table 1. Nematodes from large intestines of 13 captive Indian star tortoises. 


Species 

Prevalence 

Mean intensity ± SD (range) 

Mean abundance 

Alaeuris geochelone sp. n. 

54% (7/13) 

154.6 ± 217.35 (1-602) 

83.2 

Mehdiella microstoma 

46% (6/13) 

36.5 ± 40.19 (3-101) 

16.9 

Tachygonelria conica nicollei 

23% (3/13) 

139.7 ± 146.37 (50-257) 

32.2 

T. dentata quentini 

8% (1/13) 

18.0 (18) 

1.4 

T. macrolaimus dcssetac 

38% (5/13) 

97.0 ± 142.80 (2-349) 

37.3 


Alaeuris geochelone sp. n. 

(Figs. 1 and 2) 

General: Pharyngodonidae Travassos, 1919, 
Alaeuris Thapar, 1925. Body small and whitish 
with thick cuticle. Oral opening triangular to cir¬ 
cular surrounded by circum oral ridge. Two 
small amphids present. Four inner papillae ob¬ 
served in surface view in lactophenol-treated 
specimens. Six cuticular flaps projecting into 
buccal cavity. Esophagus elongate, about half of 
body length. Bulb well developed. Nerve ring at 
anterior part of esophagus, excretory pore at side 
of bulb. 

Male (holotype and 14 paratypes): Total 
length 2.11 -2.71 (n = 15, 2.35 ± 0.31) mm. 
Maximum width 195-289 (234 ± 42) near mid¬ 
dle of body. Six cuticular flaps projecting into 
buccal cavity (Fig. 2A). Nerve ring 151-185 
(169 ± 13) and excretory pore 863-1,077 (943 
± 72) from cephalic extremity. Esophagus 1.01— 
1.27 (1.15 ± 0.13) mm in length including bulb. 
Bulb 101-122 (110 ± 11) long and 140-153 
(146 ± 6) wide. Vas deferens broad and packed 
with sperm. Tail short 71-90 (78 ± 7) with 
hemicircular broad caudal alae. Caudal alae 
width 63-69 (66 ± 3). Three pairs of genital 
papillae present, preanal, adanal, and postanal. 
The caudal alae hemicircular, narrows ahead of 
posterior papillae. Cloaca surrounded by 2 claw 
shaped lips. Spicule sharp and straight, 89-110 
(100 ± 9) long. Gubemaculum Y-shaped, 31-45 
(38 ± 6) long, terminating in knob bearing 2 
small round projections (Fig. 2B). 

Female (allotype and 14 paratypes): Total 
length 2.70-3.65 (n = 15, 3.31 ± 0.42) mm. 
Maximum width 257-456 (345 ± 92) near mid¬ 
dle of body. Three cuticular flaps projecting into 
buccal cavity. Nerve ring 180-245 (202 ± 18) 
and excretory pore 1.14-1.49 (1.29 ± 0.13) mm 
from cephalic extremity. Esophagus 1.50-2.05 
(1.70 ± 0.28) mm in length including bulb. Bulb 
125-141 (131 ± 6) long and 153-178 (162 ± 
10) wide. Vulva 1.92-2.35 (2.22 ± 0.26) mm 


from cephalic extremity. Tail conical, 113-167 
(138 ± 21) long. Eggs unembryonated 109-134 
(121 ± 10) long by 51-72 (60 ± 8) wide. 

Taxonomic summary 

Type host: Indian star tortoise, Geochelone 
elegans (Schoepff, 1794) (Testudines: Testudi- 
nidae). 

Site of infection: Large intestine. 

Type locality: India, Pakistan, or Sri Lan¬ 
ka. 

Type specimens: Holotype (Helm. Coll. No. 
2973), allotype (Helm. Coll. No. 2974), and 
paratypes (Helm. Coll. No. 2975) deposited in 
Laboratory of Parasitology, Department of Dis¬ 
ease Control, Graduate School of Veterinary 
Medicine, Hokkaido University, Japan. 

Etymology: The species was named after 
the host tortoise. 

Remarks 

Nematodes of the genus Alaeuris are parasites 
of herbivorous tortoises (Testudinidae) and liz¬ 
ards (Iguanidae) and rarely of carnivorous rep¬ 
tiles (Petter and Quentin, 1976). This genus was 
proposed by Thapar (1925) with type species A. 
numidica numidica (Seurat, 1918) Petter, 1966 
(syn. A. alaeuris Thapar, 1925), from the large 
intestine of Testudo gracea ibera Pallas, 1814 
(syn. T. ibera), and now includes 33 species 
(Baker, 1987). We placed the new nematode in 
the genus Alaeuris, because it possesses the ro¬ 
bust caudal alae and the ventral papillae of the 
caudal appendage that are characteristic of 
Alaeuris (Petter and Quentin, 1976). We have 
found only 1 report on the occurrence of Alaeu¬ 
ris from Geochelone radiata (Shaw, 1802) (syn. 
Testudo radiata ) in Madagascar (Petter, 1966). 
This species is A. numidica madagascariensis, 
but a number of species have been found from 
tortoises of the genus Testudo. The latter genus 
is closely related to Geochelone. The Alaeuris 
spp. recovered from Testudo are as follows: A. 


Copyright © 2011, The Helminthological Society of Washington 













MATSUO ET AL.—NEMATODES OF INDIAN STAR TORTOISE 


31 



Figure 2. Alaeuris geochelone sp. n., SEM micrographs. A. Cephalic end of male, lateral view. B. 
Caudal end of male. Bar = 20 pm. 


auricularis (Walton, 1942) Petter, 1966, A. du- 
puisi Petter, 1966, A. macroptera (Walton, 1942) 
Petter, 1966, A. numidica numidica (Seurat, 
1918) Petter, 1966, A. pharyngodentata (Walton, 
1942) Petter, 1966, A. quadrilabiata quadrila- 
biata Ortlepp, 1933, and A. quadrilabiata insu- 
laris Petter, 1966. Morphologically, the new 
nematode is most similar to A. n. numidica and 
A. n. madagascariensis, but it can be easily dis¬ 
tinguished by characters such as a very long 
esophagus about half of the body length, the 
hemicircular broad caudal alae that reach the 
postanal caudal papillae, gubernaculum with 


rounded knob at the distal end, and 2 claw¬ 
shaped lateral lips of the cloaca. Body size of A. 
geochelone sp. n. is smaller than A. n. numidica 
and A. n. madagascariensis. Measurements of 
these nematodes are presented in Table 2. Petter 
and Brygoo (1972) reported body size variation 
of nematodes by host species; however, our new 
species has other distinct characteristics. The 
spicule (100 pm) is shorter than A. n. numidica 
(180 pm) but is not as short as A. n. madagas¬ 
cariensis (80 pm). Petter (1966) described the 
cuticule of A. n. madagascariensis as detached 
from the body in the posterior part, but this char- 


Table 2. Comparison of Alaeuris numidica and A. geochelone sp. n. 



Petter, 1966 

Alaeitris ninniclica 
ninnidica 

Petter. 1966 

A. n. 

nwdaf>ascariensis 

Our specimens 

A. geochelone sp. n. 


Female 

Of = 15) 

Male 

Of = 15) 

Female 

Male 

Female 

Male 

Total length (mm) 

5.7 

3.4-4.7 

5.2 

3.8 

3.31 ± 0.42 

2.35 

± 0.31 

Maximum width 

400 

260-300 

500 

300 

345 ± 92 

234 

± 42 

Nerve ring 

300 

200 

250 

200 

202 ± 18 

169 

± 13 

Excretory pore (mm) 

2.2 

1-1.8 

1.18 

1.4 

1.29 ± 0.13 

943 

± 72 

Vulva from cephalic 








extremity (mm) 

3.9 


3.5 


2.22 ± 0.26 



Esophagus (mm) 

2.25 

1.55-1.65 

1.65 

1.35 

1.70 ± 0.28 

1.15 

± 0.13 

Tail 

150 

80-90 

150 

60 

138 ± 21 

78 

± 7 

Eggs 

120 X 70 


140 X 60 


121 ± 10 X 60 ± 8 



Spicule 


180 


80 


100 

± 9 
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acter was not observed in our specimens. This 
is the first report of Alaeuris from G. elegans. 

Discussion 

Indian star tortoises in this study were clas¬ 
sified in the genus Geochelone according to the 
taxonomy of Ernst and Barbour (1989). Unfor¬ 
tunately, their origin is unknown; however, they 
may have originated from India, Pakistan, and 
Sri Lanka, where they normally occur (Iverson, 
1992). 

Members of family Testudinidae are terrestrial 
tortoises and are found primarily in tropical por¬ 
tions of Africa, Madagascar, India, Southeast 
Asia, South America, Aldabra Atoll, and the 
Galapagos Archipelago (Ernst and Barbour, 
1989). However, the fossil record shows tortois¬ 
es were much more widespread in northern Eu¬ 
rope and England, central Asia, the West Indies, 
and North America to southern Canada. The 
family is presently composed of 12 genera and 
50 species (Ernst and Barbour, 1989). 

The first reptile appeared in the Triassic. Par¬ 
asitic nematodes of vertebrates are presumed to 
be derived from soil nematodes (Bain and Cha- 
baud, 1979), and parasitism probably began with 
the appearance of terrestrial vertebrates (Ander¬ 
son, 1984). According to Baker (1984), most 
nematode groups that evolved in amphibians and 
reptiles have been shown to be at least Mesozoic 
in age. Older amphibian and reptilian groups 
have proportionally more nematode species than 
the more recently evolved groups (Baker, 1984). 

Two or more species of Oxyurida frequently 
occur in the same host individual (Petter, 1966). 
We observed concurrent infections of 5 species 
in 1 host in this study. Alaeuris geochelone sp. 
n. had the highest intensity and prevalence 
among the nematodes collected (Table 1). All 
nematodes are the first record from G. elegans 
from South Asia. The same nematodes have 
been reported from Europe, Africa, and Russia 
(Baker, 1987). It would appear, therefore, that 
these parasitic nematodes evolved in tortoises 
before their hosts dispersed. 

Acknowledgments 

We thank N. Tanaka of the Laboratory of 
Comparative Pathology, Faculty of Veterinary 


Medicine, Hokkaido University; T. Mukai, A. 
Shirouzu, and T. Chiba of the Maruyama Zoo, 
Sapporo; and Drs. M. Miyashita, Y. Sakakihara, 
and K. Takami of the Tennoji Zoo, Osaka, for 
providing the host material. Thanks also are due 
to Dr. A. J. Petter of the Musdum National 
d’Histoire Naturelle, France, for providing relat¬ 
ed publications, to Dr. S. S. Hendrix of the De¬ 
partment of Biology, Gettysburg College, U.S.A. 
for many helpful suggestions, and to H. Yanase 
of the Laboratory of Anatomy, Faculty of Vet¬ 
erinary Medicine, Hokkaido University, for 
technical assistance in the preparation of speci¬ 
mens for SEM. 

Literature Cited 

Adamson, M. L. 1994. Evolutionary patterns in life 
histories of Oxyurida. International Journal for 
Parasitology 24:1167-1177. 

Anderson, R. C. 1984. The origins of zooparasitic 
nematodes. Canadian Journal of Zoology 62:317— 
328. 

Bain, O., and A. G. Chabaud. 1979. Sur les Muspi- 
ceidae (Nematoda-Dorylaimina). Annales de Par- 
asitologie Humaine et Comparee 54:207-225. 
Baker, M. R. 1984. Nematode parasitism in amphib¬ 
ians and reptiles. Canadian Journal of Zoology 62: 
747-757. 

-. 1987. Synopsis of the nematodes parasitic in 

amphibians and reptiles. Occasional Papers in Bi¬ 
ology 11. Memorial University of Newfoundland, 
St. John’s, Newfoundland, Canada. 325 pp. 

Ernst, C. H., and R. W. Barbour. 1989. Turtles of 
the World. Smithsonian Institution Press, Wash¬ 
ington, D.C. 290 pp. 

Iverson, J. B. 1992. A Revised Checklist with Distri¬ 
bution Maps of the Turtles of the World. Privately 
Printed, Richmond, Indiana. 363 pp. 

Petter, A. J. 1966. Equilibre des especes dans les pop¬ 
ulations de nematodes parasites du colon des tor- 
tues terrestres. Memoires du Museum National 
d’Histoire Naturelle 39:1-252. 

-, and E. R. Brygoo. 1972. Phenomene de gi- 

gantisme dans une population de nematodes par¬ 
asite de tortue malgache. Annales de Parasitologie 
Humaine et Comparee 47:581-583. 

-, and J-C. Quentin. 1976. Key to the genera 

of Oxyuroidea. In R. C. Anderson, A. G. Cha¬ 
baud, and S. Willmott, eds. CIH Keys to the Nem¬ 
atode Parasites of Vertebrates, No. 4. Common¬ 
wealth Agricultural Bureaux, Farnham Royal, 
Bucks, U.K. 30 pp. 

Thapar, G. S. 1925. Studies on the oxyurid parasites 
of reptiles. Journal of Helminthology 3:83-150. 


Copyright © 2011, The Helminthological Society of Washington 




J. Helminthol. Soc. Wash. 
66(1). 1999 pp. 33-36 


Inglechina virginiae sp. n. (Nematoda: Seuratidae) from Sminthopsis 
virginiae (Marsupialia: Dasyuridae) from Northern Australia 
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abstract: Inglechina virginiae sp. n. (Nematoda: Seuratidae: Echinonematinae) is described from specimens 
collected from the small intestine of the red cheeked dunnart Sminthopsis virginiae (Marsupialia: Dasyuridae) 
from the Kimberley region and the Northern Territory, Australia. This parasite was found also in the northern 
brown bandicoot Isoodon macrourus (Marsupialia: Peramelidae) from the Northern Territory. Inglechina virgi¬ 
niae is allocated to Inglechina because it has 3 rows of cephalic hooks but no body hooks on the esophageal 
region of the cuticle. It is distinguished from its congener, I. australis, in having the second row of cephalic 
hooks longer than the first, denticles surrounding the mouth opening, a more extensive region of cuticular bosses 
on the male tail, shorter spicules, and 4 pairs of caudal papillae on the tail tip. The fourth stage larva of I. 
virginiae can be distinguished from fourth stage larvae of Linstowinema, the other genus in the Echinonematinae 
in which the adults have 3 rows of cephalic hooks, in having 2 rather than 3 rows of cephalic hooks. 
key words: Nematoda, Seuratidae, Echinonematinae, Inglechina, marsupial, dasyurid, Australia. 


The Echinonematinae, a subfamily endemic to 
Australia, has been allocated to the Seuratidae 
(Spirurida) because of affinities with Seuratum 
species (Quentin, 1971; Chabaud et al., 1980). 
Derived from ancestors close to parasites of 
bats, the 3 known echinonematine genera have 
evolved characteristic arrays of body hooks and 
spines (Chabaud et al., 1980). The type genus 
Linstowinema, containing 8 species (Smales, 
1997), has 3 rows of cephalic hooks and up to 
18 rows of anterior body hooks; the remainder 
of the body surface is covered with numerous 
rows of spines. The monotypic genus Seurechi- 
na has no cephalic or body hooks but is covered 
in spines. 

As presently constituted, the third genus, In¬ 
glechina, erected by Chabaud et al. (1980) for 
forms with cephalic hooks and body spines but 
no anterior body hooks, is monospecific. Ingle¬ 
china australis (Inglis and Mawson, 1967) was 
described as Echinonema australis from the das¬ 
yurid marsupial, the fat-tailed dunnart, Smin¬ 
thopsis crassicaudata (Gould, 1844). 

The echinonematine genera occur only in per- 
amelid and dasyurid marsupial hosts. The das- 
yurids are small carnivores exhibiting an array 
of primitive morphological characteristics (Mor¬ 
ton et al., 1989), and the peramelids (bandicoots) 
are opportunistic omnivores with a mix of prim¬ 
itive and specialized features (Gordon and Hul- 


' Corresponding author. 


bert, 1989). These 2 families are thought to be 
closely related, and members of both groups 
readily include arthopods in their diets (Gordon 
and Hulbert, 1989; Morton et al., 1989). 

Examination of material dissected from the 
red cheeked dunnart Sminthopsis virginiae (Tar¬ 
ragon, 1847) revealed a new species of Ingle¬ 
china that is described herein. Fourth stage lar¬ 
vae were also found in 1 host, enabling some 
comment on the differentiation of larvae of In¬ 
glechina and Linstowinema, the other genus 
within the subfamily Echinonematinae that has 
cephalic hooks. 

Materials and Methods 

Specimens were dissected from Sminthopsis virgi¬ 
niae, fixed in hot 10% formalin, stored at the Com¬ 
monwealth Scientific and Industrial Research Organi¬ 
sation (CSIRO) Wildlife and Ecology collection, Can¬ 
berra, in 70% ethanol, and examined after clearing in 
lactophenol. Measurements are given as range (mean) 
and were made with the aid of an ocular micrometer 
or drawing tube and map measurer. Drawings were 
made with the aid of a drawing tube. 

Description 

Inglechina virginiae sp. n. 

(Figs. 1-8) 

General: Small worms, anterior end with 
cephalic bulb bearing 3 rows of hooks, each row 
containing 14 (male) or 16 (female) large hooks, 
second row longest, third row shortest (Fig. 1). 
Mouth opening triangular in outline, with den- 
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Figures 1-8. Inglechina virginiae sp. n. from Sminthopsis virginiae from northern Australia. 1. Anterior 
end, dorsal view. Bar = 160 p.m. 2. Anterior end, en face view. Bar = 160 pm. 3. Mouth, en face view 
showing denticles. Bar = 10 p.m. 4. Vagina, lateral view. Bar = 25 pm. 5. Gubernaculum, ventral view. 
Bar = 50 p.m. 6. Male posterior end, left lateral view. Bar = 160 p.m. 7. Male posterior end, ventral view. 
Bar = 160 p.m. 8. Female posterior end, lateral view. Bars = 100 p.m. Arrows indicate cuticular projections 
posterior to cloacal opening and position of phasmids. 


tides, without lips or liplike structures. Four 
double submedian cephalic papillae, 1 pair am- 
phids (Figs. 2, 3). Remainder of body with nu¬ 
merous rows of spines extending posteriorly; 
number of rows of spines increasing progres¬ 
sively to 29 (male) or 34 (female) at midbody, 
decreasing posteriorly, extending over 70% of 
body surface dorsally, almost reaching anterior 
pair of caudal papillae ventrally (male) or ex¬ 
tending over entire body (female). Esophagus 
simple, club shaped, 7-10% body length. Nerve 


ring surrounding esophagus within cephalic 
bulb; excretory pore anterior to deirids, both 
posterior to cephalic bulb. 

Male (measurements of 10 specimens): 
Length 3.1-5.3 (4.6) mm, width 145-240 (170) 
mm. Cephalic bulb 110-150 (135) |xm long by 
100-155 (125) |xm wide; cephalic hooks of first 
row 61-83 (75) |xm, second row 77-100 (86) 
|xm, third row 50-60 (56) |xm long. Esophagus 
500-750 (640) pun long. Deirids 145-195 (156) 
pun, nerve ring 119 pun (n = 2), excretory pore 
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165 |xm (n = 2) from anterior end. Spicules 
equal, similar, without alae, 370-470 (410) |xm 
long, about 10% body length. Gubernaculum 
subtriangular in ventral view, right edge extend¬ 
ed anteriorly (Fig. 5), 60-80 (67) jxm (n = 6). 
Ten pairs caudal papillae; 3 pairs ventral and 
immediately pre-, ad-, and postcloacal, respec¬ 
tively; 1 pair lateral adcloacal, 2 pairs lateral 
precloacal, all same size; 4 pairs papillae, 1 pair 
phasmids well posterior to cloaca near tail tip. 
Cloacal region with small cuticular bosses ex¬ 
tending anteriorly beyond level of second pair 
lateral papillae. Doubled cuticular projection 
posterior to cloacal opening (Figs. 6, 7). Tail 80- 
125 (110) jxm. 

Female (measurements of 9 specimens): 
Length 7-10 (9) mm, width 100-390 (265) |xm. 
Cephalic bulb 127-182 (161) |xm long by 132— 
168 (157) |xm wide; cephalic hooks of first row 
68-94 (81) |xm, second row 77-109 (97) |xm, 
third row 60-76 (68) |xm long. Esophagus 660- 
1,055 (870) jxm long. Deirids 155-235 (203) 
|xm, excretory pore 197-245 |xm (n = 3); nerve 
ring 145 |xm (n = 1) from anterior end. Vulva 
2.7-3.9 (3.3) mm from anterior end. Vagina 150 
in = 2) |xm long, directed anteriorly (Fig. 4). 
Monodelphic. Tail 495-700 (595) |xm long (Fig. 
8). Eggs almost spherical 40-50 (45) |xm by 36— 
43 (41) |xm. 

Fourth stage, larva (measurements of 10 
specimens): Length 1,350-1,800 (1,525) |xm, 
width 74 |xm. Cephalic bulb with 2 rows of ce¬ 
phalic hooks, remainder of body with rows of 
spines extending to tail tip. 

Type host: Sminthopsis virginiae (Tarragon, 
1847). 

Type locality: Mitchell Plateau, Kimberley 
Region (15°08'S, 125°46'E), Western Australia. 

Site of infection: Small intestine. 

Date of collection: 1982. 

Etymology: The species name is taken 
from the species name of the host. 

Specimens deposited: WAM 80-98 (holo- 
type), WAM 81-98 (allotype), WAM 82-98, 
WAM 53-98, WAM 54-98, WAM 58-98 (14 
male, 7 female, 6 fragments of female para- 
types) in the West Australian Museum, Perth. 
AHC 31275, AHC 31276, AHC 31277 (4 male, 
2 female, 1 fragment of female paratypes) in the 
South Australian Museum, Adelaide. N3308, 
from S. virginiae collected from Mcllwraith 
Range, Cape York, Northern Queensland, 13 
August 1990 (2 males, 8 females, 10 larvae) and 


from S. virginiae collected from Coomalie 
Creek, Northern Territory, 2 August 1992 (1 
male, anterior end); N4412 from Isoodon ma- 
crourus collected from Coomalie Creek, North¬ 
ern Territory, 1 August 1992 (1 male), in the 
Wildlife and Ecology collection, CSIRO, Can¬ 
berra. 

Remarks: Inglechina virginiae can be dis¬ 
tinguished from I. australis, the type and only 
other species in the genus, in having the second 
row of cephalic hooks longer than the first rather 
than the first longer than the second. Although 
the lengths of the cephalic hooks in each row 
differ among individuals, the relative length of 
the 3 rows remains consistent for each worm. 
The denticles surrounding the mouth opening of 
/. virginiae are not present in /. australis. This 
species can be further distinguished from I. aus¬ 
tralis in having shorter spicules, 370-470 |xm 
compared with 460-520 |xm for /. australis, 4 
pairs of caudal papillae on the tail tip, not 3 as 
in /. australis, the cloacal region not inflated but 
with more extensive cuticular embossing (Fig. 
7; Inglis and Mawson, 1967, p. 174, fig. 4). Both 
species have a doubled cuticular projection just 
posterior to the cloaca! opening, but only I. aus¬ 
tralis has a single median papillalike structure 
on the anterior lip of the cloaca. 

Discussion 

The type species, I. australis, occurring in the 
dasyurid host Sminthopsis crassicaudata, has 
only been reported from Oodnadatta in northern 
South Australia. Inglechina virginiae, occurring 
in the dasyurid S. virginiae and the bandicoot 
Isoodon macrourus (Gould, 1842) by contrast, 
is reported for the first time from the Northern 
Territory and northern Western Australia. 

The finding of a single male specimen of In¬ 
glechina virginiae in Isoodon macrourus is the 
only instance of the genus occurring in bandi¬ 
coots. Given that I. virginiae was collected from 
S. virginiae in the same locality, this infection 
may be accidental. However, /. virginiae may 
normally occur in bandicoots. The Echinone- 
matinae have arthropods as intermediate hosts 
(Chabaud et al., 1980) and both dasyurids and 
peramelids (bandicoots) are insectivorous. This 
feeding behavior could explain the occurrence 
of I. virginiae in both groups. More animals are 
needed from the region to determine whether 
bandicoots are accidental or regular hosts for I. 
virginiae. 
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Two genera in the Echinonematinae, Ingle- 
china and Linstowinema, have 3 rows of ce¬ 
phalic hooks. The fourth stage larvae of Linsto¬ 
winema also have 3 rows of cephalic hooks 
(Smales, pers. obs.), but those of Inglechina 
have only 2. In both genera, the larvae have sim¬ 
ilar body spination, i.e., rows of spinules ex¬ 
tending posteriorly from the cephalic bulb to the 
tail tip. Therefore the number of rows of ce¬ 
phalic hooks can be used to distinguish between 
the larvae of these 2 species. 
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the Oceanic Gecko, Gehyra oceanica (Sauria: Gekkonidae) of the 
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abstract: One hundred twenty-six Pharyngodon oceanicus sp. n. were found in the large intestines of 14 of 
37 adult Gehyra oceanica collected from the Cook and Society islands. Pharyngodon oceanicus sp. n. represents 
the thirty-first species of the genus and the second species to be described from islands of the Pacific Ocean. It 
can be distinguished from all other species of Pharyngodon by the shape of the egg and by the presence of a 
cluster of spines at the base of the tail of the female. 

key words: Pharyngodon oceanicus sp. n., Pharyngodonidae, Gehyra oceanica, Gekkonidae, Pacific Islands. 


The oceanic gecko Gehyra oceanica (Lesson, 
1830) was originally described from Tahiti but 
occurs in Australia, New Zealand, Indonesia, 
and throughout Oceania (Welch et al., 1990). It 
is a common arboreal species that frequents hu¬ 
man habitations (McCoy, 1980). In a recent hel¬ 
minthological survey, 5 of 7 G. oceanica col¬ 
lected from the Cook Islands were found to har¬ 
bor 23 male and 33 female nematodes of a pre¬ 
viously undescribed species of Pharyngodon 
Diesing, 1861. Subsequently, 7 of 30 G. ocean¬ 
ica from the Society Islands were found to be 
infected with 20 males and 50 females of the 
same unidentified species of Pharyngodon. 

The genus Pharyngodon was established by 
Diesing (1861) with P. spinicauda (Dujardin, 
1845) from a lizard, Lacerta muralis, collected 
at St. Malo, France, as the type species. Skrjabin 
et al. (1960) revised the genus to retain only 
those species in which males have well-devel¬ 
oped caudal alae forming a genital bursa envel¬ 
oping the 3 pairs of caudal pedunculate papillae 
and females have the vulva in the anterior half 
of the body. There are currently 30 species (an 
additional 4 species, P. boulengerula Llbelaker, 
1965, P. elongata Markov and Bogdanov, 1961, 
P. sphaerodactyli Barus and Coy Otero, 1974, 
and P. polypedatis Yamaguti, 1941, are known 
only from female specimens and are designated 
as species inquirendae). Species of Pharyngo¬ 
don occur primarily in lizards of the families 
Gekkonidae, Phrynosomatidae, Scincidae, and 
Teiidae; however, 2 species, Pharyngodon bur- 
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satus Rao, 1980, in Euphlyctis cyanophlyctis 
(—Rana cyanophlyctis), and P. schistopapillatus 
Rao, 1980, from Bufo viridis, are known from 
amphibians. Of the species infecting lizards, 9 
are found in the Palaearctic Zoogeographical 
Realm, 5 each in the Nearctic and Australian 
realms, 4 in the Neotropical Realm, 3 in the Ori¬ 
ental Realm, 1 in the Ethiopian Realm, and 1 in 
Oceania. 

Materials and Methods 

Of the 37 G. oceanica examined in this study, 7 
were collected on Rarotonga, Cook Islands (21°30'S, 
160°00'W) in 1991; 10 on Tahiti, Society Islands, 
French Polynesia (17°42'S, 149°30'W) in 1991; and 20 
on Moorea, Society Islands (17°28'S, 149°50'W) in 
1992. All were captured by hand and fixed in neutral 
buffered 10% formalin, then preserved in 70% alcohol. 
Specimens from Moorea were deposited in the herpe¬ 
tology collection of the Natural History Museum of 
Los Angeles County as LACM No. 141009-141028. 
The body cavity was opened by a longitudinal incision 
from vent to throat, and the gastrointestinal tract was 
removed and opened longitudinally. Nematodes were 
placed in undiluted glycerol, allowed to clear, and ex¬ 
amined under a light microscope. Measurements are in 
micrometers unless indicated otherwise. 

Results 

Five of the 7 (71%) G. oceanica collected 
from Rarotonga, 4 of 10 (40%) from Tahiti, and 
3 of 20 (15%) from Moorea were infected. A 
description of the new species follows. 

Pharyngodon oceanicus sp. n. 

(Figs. 1-8) 

Description 

Males with caudal alae that envelop posterior 
postcloacal pair of pedunculate papillae; females 
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Figures 1-8. Pharyngodon oceanicus sp. n. 1. Female, entire, lateral view. 2. Female, en face view. 3. 
Posterior end of female, lateral view. 4. Male, entire. 5. Egg, dorsal view. 6. Egg, lateral view. 7. Posterior 
end of male, ventral view. 8. Posterior end of male, lateral view. Scale bar values are given in micrometers. 
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with vulva in anterior half of body. Nematodes 
of small size with cylindrical body tapering an¬ 
teriorly and posteriorly. Cuticle with distinct 
transverse striations extending from behind lips 
to level of anus. Lateral alae present in males 
only. Mouth bounded by 3 lips. Esophagus end¬ 
ing in valvulate, spherical bulb separated from 
esophageal body by small constriction. Filamen¬ 
tous tail in both sexes. 

Male (based upon 10 specimens; mean mea¬ 
surement and range in micrometers): Small, 
white, fusiform nematodes tapering both anteri¬ 
orly and posteriorly; length 1,413 (1,111-1,820); 
width at level of excretory pore 152 (100-190). 
Lateral alae 12 (10-13) wide, extending from 
level of nerve ring to middle of genital bursa. 
Cuticle with fine cross-striations at l-|xm inter¬ 
vals, extending entire length of body. Mouth 
opening surrounded by 3 lips, V-shaped notch 
between each. One small, pedunculate amphid 
on each ventrolateral lip. Esophagus (excluding 
bulb) 134 (97-160); bulb length 50 (46-54), 
bulb width 48 (46-54). Nerve ring 111 (103- 
120), excretory pore 497 (360-590) from ante¬ 
rior end, respectively. Well-developed caudal 
alae present. Three pairs of caudal papillae; pre- 
cloacal pair situated on slightly inflated anterior 
portion of caudal end, adcloacal pair posterio- 
laterally directed, and postcloacal pair enclosed 
by caudal alae, behind adcloacal pair. Filiform 
tail extending 152 (137-177) beyond postcloacal 
papillae. Spicule absent; prominent genital cone 
with the posterior lip supported by sclerotized 
V-shaped structure. Single vas deferens and tes¬ 
tis terminating at level of excretory pore. 

Female (based on 10 gravid specimens): Slen¬ 
der, white, cylindrical nematodes tapering ante¬ 
riorly and posteriorly; posterior supporting fila¬ 
mentous tail. Length 6,150 (4,500-7,500); max¬ 
imum width 276 (228-325). Lateral alae absent. 
Cuticle with fine cross-striations at 3-4-p.m in¬ 
tervals. Esophagus (excluding bulb) 223 (204- 
242), bulb length 84 (77-91), bulb width 80 
(68-88). Nerve ring 107 (91-125); excretory 
pore 353 (255-434), vulva 409 (293-510) from 
anterior end, respectively. Vagina directed pos¬ 
teriorly, thick, muscular anterior portion 430 
(322-510) and glandular posterior portion 647 
(536-765). Ovaries with flattened oocytes ar¬ 
ranged in single file. Anterior fifth of body usu¬ 
ally devoid of ovarian and uterine coils. Fila¬ 
mentous portion of tail 415 (357—484) with clus¬ 


ter of 2-3 heavy spines 45 (34-57) from junc¬ 
tion with body, 3-4 small spines along remaining 
length. Thick-shelled nonoperculated eggs 137 
(131-143) by 34 (31-37) flattened on one side, 
one end drawn out, poles unadorned. Pronucleus 
stage of development at deposition. 

Type specimens: Holotype male, U.S. Na¬ 
tional Parasite Collection, Beltsville, Maryland 
USNPC No. 87745. Allotype female, USNPC 
No. 87746. Paratypes, USNPC No. 87747. 

Type host: Gehyra oceanica. 

Type locality: Rarotonga, Cook Islands. 

Other localities: Moorea, Tahiti, Society 
Islands. 

Etymology: The specific epithet is derived 
from the general name of the nematode’s geo¬ 
graphic location. 

Discussion 

The general morphology of P. oceanicus sp. 
n. allows its assignment to the Oxyuroidea Rail- 
liet, 1916, Pharyngodonidae Travassos, 1919. 
Within the family, there are 3 genera character¬ 
istic of reptiles, which exhibit a vulvar opening 
in the anterior part of the body just behind the 
postbulbar excretory pore: Pharyngodon, Spau- 
ligodon Skrjabin, Schikhobalova, and Lagodov- 
skaja, 1960, and Skrjabinodon Inglis, 1969. 
These genera are distinguished by the relation¬ 
ship of the caudal alae to the genital papillae; 
males of Pharyngodon have well-developed 
caudal alae that form a genital bursa enveloping 
all genital papillae; males of Spauligodon have 
the posterior pair of papillae excluded from the 
genital bursa; and males of Skrjabinodon lack 
caudal alae. Inclusion of the described speci¬ 
mens in the genus Pharyngodon is based on the 
position of the vulva and the configuration of the 
caudal alae. 

Species of Pharyngodon are separated on the 
presence or absence of a spicule, the morphol¬ 
ogy of the caudal alae, the shape of the egg, the 
presence or absence of spines on the tail filament 
of adults, and their distribution (see Table 1 in 
Bursey and Goldberg [1996]). One other species 
has been reported from islands of the Pacific 
Ocean, namely P. lepidodactylus from Hawaii. 
Pharyngodon oceanicus is easily distinguished 
from P. lepidodactylus by the tail filament of the 
female; in P. lepidodactylus, a subulate tail fil¬ 
ament without spines is in contrast to the fila¬ 
mentous tail filament with cuticular spines of P. 
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oceanicus. Both P. lepidodactylus and P. ocean¬ 
icus have “bottle-shaped” eggs, i.e., one end is 
drawn out into a narrow projection, which con¬ 
trast with the truncated, fusiform, or oval eggs 
of the other species. In P. lepidodactylus, the 
eggs have cuticular knobs at the poles; the egg 
poles of P. oceanicus are unadorned. 
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Diagnostic Parasitology Course 

The “Diagnostic Parasitology Course” is being offered 2-13 August, 1999 at the Uniformed 
Services University of the Health Sciences, Bethesda, Maryland 20814-4799. This course will 
consist of a series of lectures and hands-on laboratory sessions covering the diagnosis of parasitic 
infections of humans. In addition to the examination of specimens, participants will be able to 
practice various methods used in the diagnosis of intestinal, blood, and tissue parasitic diseases. 
Parasitic diseases encountered throughout the world will be included. Slide presentations and vid¬ 
eotapes will be available for study. The course will be held at the University’s campus, utilizing 
up-to-date lecture rooms and laboratory facilities. Microscopes will be available on a loan basis 
and laboratory supplies will be provided. Certain reference specimens will also be available for 
personal use. 

The registration fee for the 2-week course is US$1,000.00. U.S. Government employees, includ¬ 
ing military personnel, may take the course at a reduced rate. Enrollment is limited, so those 
interested should register as soon as possible. Previous laboratory experience is recommended. 

For further information contact Dr. John H. Cross, (301) 295-3139 or Ms. Ellen Goldman, 
(301) 295-1971. 


Copyright © 2011, The Helminthological Society of Washington 



J. Helminthol. Soc. Wash. 
66(1), 1999 pp. 41-46 


Adult Gnathostoma cf. binucleatum Obtained from Dogs 
Experimentally Infected with Larvae as an Etiological Agent in 
Mexican Gnathostomiasis: External Morphology 

Masataka Koga, 1 - 6 Hirosige Akahane, 2 Katsumi Ogata, 3 Rafael Lamothe- 
Argumedo, 4 David Osorio-Sarabia, 4 Luis Garcia-Prieto, 4 and Juan Manuel 
Martinez-Cruz 5 
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abstract: We examined the muscles of 3 pelicans and obtained as many as 570 gnathostome larvae. Each 
of 2 dogs was experimentally infected with 20 larvae obtained using this method. Eight and 9 mo later, 4 
and 9 adults were obtained from the gastric nodules in each dog, respectively. The morphology of the worms 
and eggs was examined, primarily using scanning electron microscopy (SEM) to identify the species. The 
adults demonstrated tridentate cuticular spines in their anterior forefront regions. The shape of the cuticular 
spines changed to di- and monodentate forms in the anterior one-third of the body. Very minute monodentate 
spines covered the posterior two-thirds of the body. The ventral surface of the tail of the male had 4 pairs of 
caudal papillae and 3 pairs of small papillae. The spines in this area were short. The morphological charac¬ 
teristics of the adults examined for this study were very similar to those of Gnathostoma spinigernm. One 
noticeable difference between G. spinigerum and the present specimens was the egg surface morphology. We 
found no pits on the eggshell surface of our specimens. In contrast, G. spinigerum has clear pits on its eggshell. 
The 3 previously reported gnathostomes indigenous to Latin America, G. turgidum, G. procyonis, and G. 
amcricanum, also have many pits on their eggshells. The adult worms of these 3 species have multidigitated 
spines on their anterior regions, and except for G. turgidum, obvious spines cover their entire body surfaces. 
However, the eggs of G. turgidum have bipolar plugs. In these latter features, the present species was more 
similar to G. binucleatum. 

key words: adult Gnathostoma binucleatum, gnathostomiasis, Mexico, morphology, eggshell surface, Peli- 
canus erythrorhynchos, SEM. 


The first human cases of gnathostomiasis in 
Mexico were reported by Pelaez and Perez- 
Reyes (1970). Since 1990, the number of such 
patients has dramatically increased, especially in 
the Oaxaca-Veracruz and Sinaloa-Culiacan areas 
(Ogata et al., 1998). The normal source of in¬ 
fection for humans is considered to be the con¬ 
sumption of either raw or insufficiently cooked 
freshwater fish, mainly tilapia (Almeyda-Arti- 
gas, 1991). There have also been sporadic case 
reports regarding ocular and cutaneous gnathos¬ 
tomiasis (Hemandez-Ortiz et al., 1982; Martf- 
nez-Cruz et al., 1989). Lamothe-Argumedo et al. 
(1989) found Gnathostoma sp. larvae in tilapia 
from the Presidente Miguel Aleman Reservoir 
in Temazcal, Oaxaca-Veracruz. Almeyda-Arti- 
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gas (1991) also found Gnathostoma larvae (the 
advanced third-stage larvae) in the muscles of 
fish obtained from this reservoir and named this 
Mexican gnathostome G. binucleatum (Almey- 
da-Artigas, 1991). Three domestic cats were ex¬ 
perimentally infected with these larvae, and 3 
female worms were later obtained from the 
stomach of one of them. In addition, Almeyda- 
Artigas (1991) also found adult worms of this 
species in the stomachs of a wild ocelot ( Felis 
pardalis pardalis ) and a stray cat. 

We examined pelicans ( Pelicanus erythro¬ 
rhynchos ) (a paratenic host) from the same res¬ 
ervoir and obtained many advanced third-stage 
larvae from their muscles. After experimentally 
infecting dogs, adult worms were also obtained 
from these hosts. We report the first scanning 
electron microscopy (SEM) profile of adult G. 
binucleatum. 
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Materials and Methods 

Harvesting gnathostome larvae 

We collected 3 pelicans from the Presidente Miguel 
Aleman Reservoir in Temazcal and examined their 
muscles to collect gnathostome larvae. The muscles 
were removed, chopped into small pieces, and the 
pieces cut into thin slices. The slices were then placed 
between 2 glass plates (10 by 10 cm), pressed by hand, 
and examined under a dissecting microscope. The in¬ 
spected muscle remnants were next digested in artifi¬ 
cial gastric juice (0.2 g pepsin in 0.7 ml HC1/100 ml 
distilled water) for 3 hr at 37°C to harvest any larvae 
that had been overlooked. We eventually found a total 
of 570 larvae. We examined pelicans instead of the 
intermediate fish host to collect the larvae in a short 
period, as it was much easier to collect a large number 
of larvae from pelicans than from fish. Because peli¬ 
cans consume a large number of many different types 
of fish, gnathostome larvae accumulate in their mus¬ 
cles, and the nematodes are more easily collected. 

Adult worm investigation 

We supposed that G. binucleatum would have a 
broad range of natural mammalian hosts. Acevedo- 
Hernandez et al. (1988) earlier reported that Gnathos¬ 
toma eggs found in the feces of dogs and pigs in Tem¬ 
azcal were morphologically similar to those of G. his- 
pidum (Fedtschenko, 1872) and not to those of G. bin- 
ucleatum. However, we examined G. hispidum eggs 
from China using both ordinary optical and scanning 
electron microscopy and found them to be similar to 
those of G. spinigerum (Koga, 1996). We then 
searched for adult worms in hosts from the same dis¬ 
trict. Four opossums (1 Philander opossum and 3 Di- 
delphis marsupialis ) and 2 raccoons ( Procyon lotor) 
were collected. The stomachs of these animals, how¬ 
ever, were negative for Gnathostoma. In addition, 10 
fecal samples from 2 pigs and 8 dogs were also ex¬ 
amined for Gnathostoma eggs, but none were found. 
Thus, the range of natural final hosts is not as broad 
as we expected. 

Experimental infection 

Two dogs were each infected experimentally with 
20 larvae obtained from pelicans, and thereafter, they 
were maintained at an animal center. To assess egg 
shedding, fecal examinations were performed once a 
month starting at 5 mo postinfection. Gnathostome 
eggs were first observed in the feces 8 and 9 mo after 
infection. The dogs were then anesthetized by sodium 
barbital and killed by bleeding from the cervical ar¬ 
teries. The peritonea were then gently opened, and the 
stomachs were removed and opened by cutting along 
the lesser curvature. A single hard nodule was evident 
in the mucous membrane in each stomach. In the nod¬ 
ules from each dog, 4 (1 S, 3 $) and 9 (6 S, 3 $) 
adult worms were found. After optical observation, the 
adult worms were processed for SEM. The eggs were 
removed from the uteri of the gravid female worms for 
further examination. One pair of adult worms consist¬ 
ing of 1 male and 1 female worm from each dog was 
deposited at the Meguro Parasitological Museum in 


Tokyo as representative voucher specimens (Accession 
No. 19726). 

SEM sample preparation 

Viable adult male and female worms were washed 
in several changes of tap water and soaked in physi¬ 
ological saline solution. The worms were fixed in 10% 
formalin for at least 1 wk, washed in running tap water 
overnight to remove the fixative, then transferred to 
distilled water. The specimens were rinsed twice in 
Millonig’s phosphate buffer and postfixed for 3 hr in 
1% Os0 4 in the same buffer. During postfixation, the 
worms were cut transversely into 7 pieces to facilitate 
observations by SEM. These pieces were dehydrated 
in an ascending ethanol series, transferred into amyl 
acetate, and critical-point dried with a Hitachi HCP-2 
critical-point dryer. The specimens were sputter coated 
with gold and examined with a JEOL JSM-U3 SEM 
operated at 15 kV. 

Results 

The adult male and female specimens of our 
Gnathostoma sp. had a hemispherical head bulb 
armed with 8-9 transverse rows of cephalic 
hooks (Fig. 1). The hooks had tapering points 
composed of hard keratin (about 7-8 |xm in 
length) that emerged from a conical chitinous 
base (Fig. 2). The body spines mmediately be¬ 
hind the cephalic bulb were tridentate (Fig. 3) 
and not multidigitated. One pair of cervical pa¬ 
pillae was located laterally near the twentieth 
transverse striation (Fig. 1, arrow) and had a 
mammiform shape. The shapes of the spines 
around these papillae were mixed, with 2-3 den¬ 
ticles, and only rare unidentate spines (Fig. 4). 
A domelike excretory pore was situated ventral- 
ly a little behind the cervical papillae and was 
covered only by single denticle spines (Fig. 5). 
These unidentate spines gradually decreased in 
size posteriorly along the body (Fig. 6), and 
most posterior spines were minute (Fig. 7). 

On the ventral side of the tail of the male, 
single-toothed unidentate spines were densely 
distributed over the entire extremity. Four pairs 
of caudal papillae (a, b, c, and d) and a few 
small papillae, which bore no spines (arrows), 
were also seen on this side (Fig. 8). 

The fertilized uterine eggs of this Gnathos¬ 
toma sp. were oval (66 ± 2.92 by 40 ± 3.1 pm) 
and had an operculum (Fig. 9, OP) on one end. 
The eggshell surface was plain and without pits 
(Fig. 10). This plain, nonpitted appearance is 
characteristic of this species and is the major 
feature differentiating G. spinigerum from other 
gnathostome species. 
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Figures 1-4. 1. Lateral view of the head bulb of Gnathostoma sp. The arrow indicates cervical papilla. 

Bar = 100 pm. 2. A higher magnification of the hooks on the head bulb, which have conical bases and 
acute tips. Bar = 10 pm. 3. Short, stumpy tridentate spines lying immediately behind the head bulb. Bar 
= 10 pm. 4. Mammiform cervical papilla (CP) located between the eighteenth and twentieth transverse 
striations, with spines on the body surface. Bar — 10 pm. 


Discussion 

Almeyda-Artigas (1991) experimentally ob¬ 
tained female worms from a cal stomach that 
could not produce fertilized eggs in the host fe¬ 
ces. Therefore, his description of the eggs was 
limited to eggs from naturally infected mam¬ 
mals. The eggs were 64 by 38 pm in size, with 
a plug at one end. The size of the eggs was 
similar to that of our specimens. Almeyda-Ar- 
tigas (1991) considered these worms to be a new 
species and named them G. binucleatum in ref¬ 


erence to the presence of 2 nuclei in the intes¬ 
tinal cells of the advanced third-stage larvae. 
Based on this general description of the mor¬ 
phology of the surface spines of adult worms 
and of the ventral side of the tail of the male by 
ght microscopy, our belief is that the worms 
described by Almeyda-Artigas (1991) were very 
similar to G. spinigerum. However, the morpho¬ 
logical details were not described precisely 
enough for us to be certain of this similarity. 
Akahane et al. (1994) reported that most of the 
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Figures 5-8. 5. Dome-shaped excretory pore (EP). Around this pore, all spines are unidentate with 

acute tips. Bar = 10 pm. 6. Smaller unidentate spines located on posterior one-third of body. Bar = 10 
pm. 7. Very minute spines (arrows) are sparsely distributed around the terminal area of the body. Bar 
= 10 pm. 8. Ventral surface of the tail of the male. Four pairs of dome-shaped caudal papillae (a, b, c, 
and d) and several small flat papillae without spines (arrows) are evident. Dense minute cuticular spines 
oriented anteriorly are also evident. A = anal pore. Bar = 20 pm. 


larvae from Temazcal that they examined had 4 Thailand, the spines immediately behind the ce- 
nuclei in the intestinal cells. Moreover, the other phalic bulb were broad, blunt, and multidigitate 
features of those advanced third-stage larvae n G. spinigerum, while the corresponding 
were very similar to those of G. spinigerum, ex- spines of the Mexican specimens were more 
cept for the number of hooklets in each row of slender and only tridentate. The spines around 

the head bulb. Koga et al. (1991) reported the the excretory pore are tridentate in G. spiniger- 

surface ultrastructure of both adults and eggs of urn, but the corresponding spines of the Mexican 

G. spinigerum from Thailand using SEM. By specimens are unidentate. All specimens in this 

comparison, in the adult G. spinigerum from study had minute cuticular spines, even on the 
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Figures 9, 10. Egg from the uterus of a gravid female of Gnathostoma sp. from Mexico having an 
operculum on one end, showing smooth surface. OP = operculum. Bars = 20 and 1 pirn, respectively. 


posterior half of the body. However, G. spini- 
gerum is usually reported to have a naked pos¬ 
terior half (Miyazaki, 1960). The ventral ap¬ 
pearance of the tail of the male was almost the 
same in our specimens as that of G. spinigerum. 
The most noticeable difference between G. spi- 
nigerum and the Mexican species is therefore 
the surface of the eggshell. The eggshells of G. 
spinigerum and other gnathostome species have 
many pits on the surface, and the shape of these 
pits is species-specific (Koga, 1996), while the 
eggshells of the Mexican species are not pitted. 

In Central and South America, 3 species of 
gnathostomes have been recorded: G. procyonis 
(Chandler, 1942) from a raccoon in Texas, G. 
turgidum (Stossich, 1902, quoted in Travassos, 
1925) from an opossum, and G. americanum 
(Travassos, 1925) from Felis tigrina, the latter 
two in Brazil. The adults of these 3 species have 
multidigitate (4-5 teeth) spines on their anterior 
regions and dense spines on the posterior half of 
their body surfaces, except for G. turgidum. In 
contrast, our specimens had very minute spines 
sparsely distributed over the posterior half of 
their bodies, and these spines were recognizable 
only by SEM examination. In G. procyonis, the 
eggs have a plug on either pole and also have 
many pits on the eggshell surface. The eggs of 
G. turgidum and G. americanum have bipolar 
plugs on both sides and thus can be easily dis¬ 


tinguished from those of G. spinigerum. Our 
Mexican specimens had 1 operculum at one end 
and no pits on the surface. Both the adults and 
larvae of the present species were very similar 
to those described as G. binucleatum by Almey- 
da-Artigas (1991). 

We therefore tentatively consider our speci¬ 
mens to be G. binucleatum, but note that the 
taxonomic status remains inconclusive. We con¬ 
sider it premature at this point to propose a new 
species, pending further studies. The description 
by Almeyda-Artigas (1991) does not provide 
sufficient information for a definitive determi¬ 
nation of the status of our specimens; thus, we 
must tentatively assign them to G. binucleatum. 
Further study of both species is needed to de¬ 
termine the specific status of each and to eval¬ 
uate G. binucleatum in relation to the characters 
described in this study. 

In Latin America, human gnathostomiasis has 
previously been reported in Ecuador (Ollague- 
Loaiza et al., 1981). It is highly possible that 
migratory waterfowl may have spread the same 
species of nematode to various Latin American 
countries. It is possible that the Ecuadorian par¬ 
asite might be the same species as in the present 
study, because in Ecuador adult worms were 
also recovered from domestic cats and dogs in¬ 
fected both naturally and experimentally 
(Ollague-Loaiza et ah, 1985, 1987; Ollague-Tor- 
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res and Buchelli de Cevallos, 1985). The mor¬ 
phology of those worms was also quite similar 
to that of our Mexican specimens. The Ecua¬ 
dorian specimen was identified as G. spiniger- 
um, but this designation is uncertain, and spec¬ 
imens from that area should be reexamined. 
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Acanthocephala of Cichllds (Pisces) in Lake Malawi, Africa, with a 
Description of Acanthogyrus (Acanthosentis) malawiensis sp. n. 
(Quadrigyridae) from Labeo cylindricus Peters, 1852 (Cyprinidae) 

Omar M. Amin 1 and Sherman S. Hendrix 2 - 3 

1 Institute of Parasitic Diseases, P.O. Box 28372, Tempe, Arizona 85285-8372, and Department of Zoology, 
Arizona State University, Tempe, Arizona 85287 (e-mail: omaramin@aol.com) and 

2 Department of Biology, Gettysburg College, Gettysburg, Pennsylvania 17325-1486 
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abstract: Two species of acanthoccphalans are reported from fishes collected during the summer of 1996 in 
the southeast arm of Lake Malawi (Lake Nyasa), East Africa. The common Acanthogyrus ( Acanthosentis) 
tilapiae (Baylis, 1948) had infected 18 cichiid and 1 bagrid host species (all new host records) netted by divers 
wearing scuba gear around Harbor Island or caught by hook and line in deep water. The specimens of this 
parasite were some of the smallest ever reported for that species. Two males of a new species, Acanthogyrus 
(, Acanthosentis) malawiensis , are described from 2 male Labeo cylindricus (Cyprinidae). This is the fifth species 
of this genus and subgenus described in Africa. It is distinguished from the other 4 African and 33 mostly Asian 
species in that the proboscis hooks of the middle circle are longer than those of the anterior circle. The new 
species further differs from the other African species in proboscis and hook size, posterior hook root, trunk 
spination, and lemniscal form. Observations on host and geographical distribution, prevalence, and develop¬ 
mental stages of A. (A.) tilapiae are also reported. 

KEY words: Acanthocephala, Acanthogyrus ( Acanthosentis ) malawiensis sp. n., Acanthogyrus ( Acanthosen¬ 
tis ) tilapiae, cichlids, Labeo cylindricus, Lake Malawi, Lake Nyasa. 


The acanthocephalan family Quadrigyridae 
Van Cleave, 1920 (Order Gyracanthocephala 
Van Cleave, 1936) includes 2 subfamilies, 
Quadrigyrinae Van Cleave, 1920, with 2 genera, 
and Pallisentinae Van Cleave, 1928, with 6 gen¬ 
era, including the genus Acanthogyrus Thapar, 
1927 (= Acanthosentis Varma and Datta, 1929; 
Hemigyrus Achmerov and Dombrowskaja-Ach- 
merova, 1941). In synonymizing Acanthosentis 
with Acanthogyrus, the former taxon was re¬ 
duced to a subgenus of the latter (Golvan, 1959). 
The 2 subgenera were distinguished based on 
the number of hooks on the proboscis, being 18 
in Acanthosentis (3 circles of 6 hooks each) and 
24 in Acanthogyrus (3 circles of 8 hooks each). 
This arrangement was accepted by systematists, 
including Amin (1985), but Golvan (1994) de¬ 
cided to elevate Acanthosentis back to generic 
status, without justification. The latter decision 
is not accepted and the subgeneric classification 
is herein retained. 

Only 5 of the 38 known species of the sub¬ 
genus Acanthosentis (including the new species) 
are found in Africa. Thirty-one of the remaining 
33 species are Asian, found mostly in the Indian 
subcontinent and China. Of the African species, 


■ ! Corresponding author. 


Acanthogyrus (Acanthosentis ) tilapiae (Baylis, 
1948) is an endemic and widely distributed spe¬ 
cies of Oriental affinities (Khalil, 1971b). The 
other African species appear to be of more re¬ 
stricted distributions and include Acanthogyrus 
(. Acanthosentis ) maroccanus (Dollfus, 1951) 
from Morocco, Acanthogyrus ( Acanthosentis ) 
nigeriensis Dollfus and Golvan, 1956, from the 
Niger River, Acanthogyrus ( Acanthosentis ) pap- 
ilo Troncy and Vassiliades, 1974, from West Af¬ 
rica, and the new species, Acanthogyrus (Acan¬ 
thosentis) malawiensis, from Lake Malawi. 

In this paper, the new species is described and 
distinguished from other species of the subge¬ 
nus, and some host-parasite relationships of A. 
(A.) tilapiae are reported. 

Materials and Methods 

Cichiid and cyprinid fishes were collected, usually 
late in the afternoon, by netting by divers wearing scu¬ 
ba gear in the southeast arm of Lake Malawi, mostly 
at or near Harbor Island during July and August 1996. 
Bagrid and clariid fishes were caught by hook and line 
in the deeper water offshore in the southeast arm of 
the lake. Fish were held alive overnight in buckets and 
examined the following day. All acanthocephalans 
were alive when removed from the fish small intestine 
and placed in Lake Malawi water to evert the probos¬ 
cis. Worms were then fixed in alcohol-formalin-acetic 
acid fixative and eventually transferred to 70% ethanol. 
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Not all fishes examined had acanthocephalans. Pre¬ 
served fishes were deposited as voucher specimens in 
the Pennsylvania State University Fish Museum 
(PSUFM). 

Worms were stained in Mayer’s acid carmine, de¬ 
hydrated in ascending concentrations of ethanol, 
cleared in graded terpineol—100% ethanol, and mount¬ 
ed in Canada balsam. Measurements are in microme¬ 
ters unless otherwise stated. Width measurements refer 
to maximum width. Body (=trunk) length does not 
include neck, proboscis, or male bursa. Specimens are 
deposited in the U.S. National Parasite Collection 
(USNPC), Beltsville, Maryland. 

Results 

Sixty-four fishes (primarily cichlids) of 28 
species were examined for parasites. Twenty- 
eight fishes of 19 species were infected with 95 
(44 males, 51 females) A. (A.) tilapiae. A single 
Bagrus meridionalis (Bagridae) contained 1 
male A. (A.) tilapiae. Most worms were sexually 
mature adults that were quite small in size (Table 
1). Two male Labeo cylindricus Peters, 1852, 
were infected with a new species of Acantho- 
gyrus (Acanthosentis ), which is described below. 
Fish species (and numbers) that were examined 
for acanthocephalan infections, along with prev¬ 
alence and measurement data, are included in 
Table 1. 

Acanthogyrus ( Acanthosentis ) malawiensis 
sp. n. 

(Figs. 1-9) 

The description of this species is based on the 
only 2 male specimens available; females are 
unknown. 

Description 

Quadrigyridae, Pallisentinae, with characters 
of the genus Acanthogyrus and the subgenus 
Acanthosentis. Males small, spindle-shaped, 
with gradual, almost equal tapering toward both 
ends, with some ventral curvature (Fig. 1). 
Trunk 4.545-6.363 mm long by 1.273-1.333 
mm wide at middle. Transverse anastomoses 
connect main dorsal and ventral lacunar canals. 
Giant subcuticular nuclei very few; 1 ventral and 
1 or 2 dorsal, and complex vessel-shaped in pro¬ 
file or amoeboid-star-shaped in face view. Many 
spheroid, rib, or double-walled sensory papillae, 
12-23 in diameter, randomly distributed mostly 
in the middle region of the trunk (about 40) and 
bursa (about 5) (Fig. 7). Rose-thom-shaped cu- 
ticular spines with a shaft and robust, complex 
fan-shaped rayed or ribbed subcuticular plate an¬ 


teriorly (Figs. 3-6). Spines in 32—38 circles; an¬ 
teriorly 23-26 complete circles. Anterior circles 
with 30-46 spines that increase to 40-55, then 
decrease in number posteriorly as they become 
less closely spaced. Next, circles of spines be¬ 
come progressively more incomplete laterally 
where only dorsal and ventral spines remain in 
posteriormost circles near posterior end of trunk. 
Anterior spines somewhat larger, 20-25 long, 
with root, than posterior spines. Dorsal and ven¬ 
tral spines symmetrical, with no numerical dif¬ 
ferentiation anteriorly, but more ventral than 
dorsal spines retained as spine circles become 
incomplete posteriorly (Figs. 1, 2). Proboscis 
small, cylindrical, straight-sided, about as long 
as wide, 98-112 long by 98-112 wide, with a 
remarkable apical organ, abruptly widening pos¬ 
teriorly into a broadening neck (Fig. 8). Probos¬ 
cis hooks slender; hooks in middle circle longer 
(42-45 long) than those of anterior circle (31- 
36), with posteriormost hooks only slightly 
shorter (28-36) than anterior hooks. Hook roots 
simple, directed posteriorly, and markedly short¬ 
er than blades. Roots of posteriormost hooks 
with short anterior manubria (Fig. 8). Proboscis 
receptacle 381-419 long by 114-140 wide, with 
cerebral ganglion at its base (Fig. 2). Lemnisci 
subequal, about twice as long as proboscis re¬ 
ceptacle, with successive constrictions, and 
gradually tapering posteriorly (Fig. 2). Longer 
lemniscus 660-775 long by 102-140 wide; 
shorter lemniscus 546-648 long by 102-140 
wide. Reproductive system in posterior half of 
trunk (Fig. 1). Testes broad, pear-shaped, greatly 
overlapping. Anterior testis 533-762 long by 
571-787 wide; posterior testis 406-889 long by 
470—737 wide. Cement gland 444—999 long by 
343-533 wide, with at least 4 giant nuclei. 
Sperm sac 190-316 long by 190-305 wide. 
Saefftigen’s pouch 432-698 long by 165 wide. 
Bursa 851 long by 508 wide. 

Taxonomic Summary 

Type host: Labeo cylindricus Peters, 1852 
(Cyprinidae). 

Site of infection: Small intestine. 

Type locality: Southeast arm of Lake Ma¬ 
lawi at Harbor Island, Nankumba Peninsula, 
Mangochi District, Malawi, Africa (14°04'07.21"S, 
34°55'49.94"E). 

Date collected: 31 July 1996. 

Specimens deposited: USNPC No. 88013 
(holotype male); No. 88014 (paratype male). 
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Host specimens deposited: PSUFM No. 
3243. 

Etymology: The new species is named for 
the country of the type locality. 

Remarks 

Of the 38 species of the subgenus Acantho- 
sentis known from freshwater fishes, 5 are found 
in Africa (including A. (A.) malawiensis sp. n.) 
and 31 in Asia (India and China). The new spe¬ 
cies is distinguished from all other species of the 
subgenus by having the proboscis hooks of the 
middle circle longer than those in the anterior 
circle, instead of the opposite. In addition, the 
large number of sensory papillae found on the 
trunk and bursa of A. (A.) malawiensis sp. n. has 
not been reported in any of the other species. It 
is unlikely that they may have been overlooked 
in other species. 

The new species is further distinguished from 
the other African species based on host and geo¬ 
graphical distribution and distinct anatomical 
differences. Acanthogyrus ( Acanthosentis) mar- 
occanus was described from Barbus setivimensis 
in Morocco by Dollfus (1951). It has a consid¬ 
erably longer proboscis, 184 long by 107 wide, 
that does not broaden posteriorly and lacks an 
apparent apical organ. Its proboscis hooks are 
larger, 62, 62, 48 from the anterior, and all have 
simple roots, none of which have anterior ma- 
nubria. The trunk has 10-12 giant nuclei and 
only 12-18 circles of spines spread over the in¬ 
terior quarter of the trunk, with the posterior cir¬ 
cles having 2-4 spines each. The lemnisci have 
no constrictions and the testes appear to be ob¬ 
long. All measurements are calculated from 
Dollfus’ (1951) figure 60. Acanthogyrus (. Acan¬ 
thosentis ■) nigeriensis was described from Labeo 
coubie in the Niger River, Mali, by Dollfus and 
Golvan (1956). It is a larger species than ours. 
Males are 12-15 mm long by 2.0-2.4 mm wide; 
the proboscis is 150 long by 200 wide, and the 
proboscis receptacle is 700 long by 200 wide. 
The proboscis hooks are situated in successive 
circles and measure 70 (2 hooks), 55-65 (4 
hooks), 40 (6 hooks), and 40 (6 hooks) from the 
anterior. Each possesses an apical granular struc¬ 
ture set in a heavy muscular wall. Cuticular 
spines are 30 long, covering the whole length of 
the trunk in 70 circles. Acanthogyrus ( Acantho¬ 
sentis ) papilo was described from Periopthalmus 
papilo in Senegal by Troncy and Vassiliades 
(1974). Specimens of that species are very small 


(less than 2 mm). The anterior proboscis hooks 
are 35-40 long and are widely separated from 
the smaller hooks of the middle and posterior 
circles, which are 8-11 long. The lemnisci have 
no constrictions. The trunk is totally covered 
with 1-2 long spines in up to approximately 30 
unequally spaced circles. Acanthogyrus {.Acan¬ 
thosentis ) tilapiae is an endemic species that was 
originally described from Oreochromis ( Tilapia) 
lidole from an unknown locality in Lake Malawi 
(Lake Nyasa), Tanzania, by Baylis (1948) and 
has since been reported from a large number of 
fish species, mostly of the genus Tilapia, in 
many African countries, including Malawi 
(Khalil, 1971a; Amin, 1978). The reports by 
Baylis (1948) and Amin (1978) described small¬ 
er males (1.2-3.5 mm long by 0.4-1.1 mm 
wide), with a smaller proboscis (90 long by 64 
wide), larger anterior probscis hooks (45-48), 
and considerably smaller hooks in the middle 
circle (12-22 long) and posterior circle (10-13 
long) compared to the new species. The lemnisci 
are without constrictions. The trunk possesses 
28-38 circles of small (10 long) cuticular spines 
distributed throughout and 2-4 dorsal and 4-6 
ventral giant nuclei. The middle trunk of about 
half of the 79 A. (A.) tilapiae specimens exam¬ 
ined by Amin (1978) had shallow sensory pits 
with an eversible knoblike center (Amin, 1978, 
figs. 15, 17). There was usually 1 such pit ob¬ 
served in each of these specimens. Similar pits 
were observed in a few specimens of our A. (A.) 
tilapiae from Lake Malawi. 

The shape of the giant subcuticular nuclei of 
A. (A.) malawiensis was similar to that observed 
in mature A. (A.) tilapiae (Amin, 1978) and is 
considered indicative of an active reproductive 
state of the worms, as has been demonstrated in 
other sexually mature acanthocephalans (Amin 
and Vignieri, 1986a, b; Amin and Gunset, 1992). 

Acanthogyrus ( Acanthosentis ) tilapiae 
(Baylis, 1948) 

This acanthocephalan is endemic in Africa 
and has been reported in at least 10 species of 
the cichlid genus Tilapia in Tanzania (Baylis, 
1948), Congo (Prudhoe, 1951; Golvan, 1957), 
Madagascar (Golvan, 1965), Uganda (Khalil and 
Thurston, 1973), Chad (Troncy, 1974), Nigeria 
(Shotter, 1974), Egypt (Amin, 1978), and un¬ 
identified locations (Marchand and Mattei, 1976; 
Marchand, 1984). These host species are T. au- 
rea, T. galilaea, T. heudelotti, T. lidole, T. leu- 
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Table 1. Fishes examined for prevalence and size of Acanthogyrus ( Acanthosentis ) tilapiae collected in the southeast arm of Lake Malawi during July and 
August 1996. 
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Trewavas, 1935 (USNPC 88020) 242 X 606 (13) 333-697 (5) 515-727 (3) 
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Bagridae 

Bag ms meridionalis D t/1 (100) 

Gunther. 1893 (USNPC 88015) 



L/i 

K) 


Table 1. Continued. 


Host species 
(USNPC No.) 

Local¬ 

ity* 

Prevalence . 
(%)t 

No. worms 

Male length X width (n) 

Female length X width (n) 

Immature 

With 

sperm 

With ovarian 
balls only 

With ovarian 
balls & eggs 

With mostly 
eggs 

MM FF 

Clariidae 









Bathyclarias nyasensis 

D 

0/1 (0) 

— — 

— 

— 

— 

— 

— 

(Worthington, 1933) 









Clarias mossambicus 

D 

0/1 (0) 

— — 

— 

— 

— 

— 

— 

Peters, 1852 









Cyprinidae 









Labeo cylindricus 

H 

0/4 (0) 

— — 

— 

— 

— 

— 

— 

Peters, 1852 









Labeo cylindricus 

K 

0/1 (0) 

— — 

— 

— 

— 

— 

— 

Mastacembelidae 









Mastacenibelus shiranus 

M 

0/4 (0) 

— — 

— 

— 

— 

— 

— 

Gunther, 1 896 













697-909 X 

727-2,121 X 

788-3,030 X 

1,151-3,030 X 

1.212-3,030 X 

Totals and size range 


28/64 

44 51 

212-364 (5) 

242-8 18 (39) 

303-1.030 (30) 

424-757 (4) 

515-1,151 (17) 


* H = Harbor Island; D = deep water of southeast arm; K = Kanchedzda Island; M = Marsh near Massasa Village; S = Songwe Hill site, 
t No. infected/No. examined (%), 

:j: Names in quotes are aquarium trade color morphs. 
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Figures 1-9. Acanthogyrus ( Acanthosentis ) malawiensis sp. n., holotype male. 1. Whole specimen. 2. 
Anterior end. 3-6. Face and lateral views of trunk spines. 7. Sensory papillae. 8. Proboscis. 9. The repro¬ 
ductive system. Sensory papillae and lacunar vessels are not shown in Figs. 1, 2, and 9. 


costicta, T. melanopleura, T. multiradiata, T. 
niloticci, T. tanganicae, and T. zilti Fish hosts 
of A. (A.) ti/apiae belonging to other genera are 
few and include Potamogale velox (possibly an 


accidental host) and Tetraodon fohaka in Chad 
(Troncy 1970, 1974) and 2 cichlids, Haploch- 
romis squamipinnus and Haplochromis sp. in 
Uganda (Khalil and Thurston, 1973). The re- 
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ported records of A (A.) tilapiae from the 18 
cichlid and 1 bagrid species collected n south¬ 
eastern Lake Malawi (Table 1) represent new 
host records. Khalil and Thurston (1973) also 
reported A (A.) tilapiae from unidentified cich- 
lids in Lake Malawi, Lake Tanganyika, and var¬ 
ious lakes in The Congo.. 

Morphologically, our specimens from Lake 
Malawi were similar to those collected from T. 
nilotica and T. zilli in Egypt during June 1975 
(Amin, 1978), except our specimens were mark¬ 
edly smaller, even though the 2 populations were 
comparable in their developmental and repro¬ 
ductive states (Table 1). Specimens from Egypt 
were 1.20-3.40 mm (mean, 1.99) long (males) 
and 1.20-5.00 mm (mean, 3.22) long (females) 
and 50% of females (n = 52) had only ovarian 
balls in their body cavity, thus indicating a 
young summer population. Most males from 
Lake Malawi (39 of 44) were mature with 
sperm, and most females (30 of 51) were also 
in the ovarian ball stage (Table 1). A few Lake 
Malawi specimens had 1 sensory papilla each, 
and the trunk spines of some younger worms 
were so underdeveloped as to be barely visible. 

Shotter (1974) reported A (A.) tilapiae from 
T. zilli in a northern Nigeria stream and lake 
throughout the year with peak densities and 
greatest declines during winter (November-Feb- 
ruary, dry season) and summer (June and July), 
respectively. If this pattern is similar to that in 
Lake Malawi, the prevalence and abundance and 
perhaps the degree of sexual maturity of the Ma¬ 
lawi worms (Table 1) would be expected to be 
higher during the winter. 

Specimens deposited: USNPC No. 88015- 
88030. 

Host specimens deposited: PSUFM Nos. 
3243-3253. 
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Differentiation of Coronocyclus sagittatus and Coronocyclus coronatus 
(Nematoda: Cyathostominea) of Horses 
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abstract: An increased interest worldwide in small strongyles of horses has prompted a revision of the 
systematics in order to support research on improving antiparasitic chemotherapy, biocontrol, and other man¬ 
agement practices. A 1997 international workshop developed a revised list of recommended names for 51 
recognized species of Cyathostominea and indicated problems in the differentation of some species, including 
Coronocyclus coronatus (Looss, 1900) and C. sagittatus (Kotlan, 1920). These morphologically similar spe¬ 
cies are members of Coronocyclus Hartwich, 1986, a genus with prominent and sclerotized external leaf 
crown supports that are separated from the buccal capsule. The two species can be distinguished from one 
another by differences in the shape of the buccal capsule, in the shape of the buccal capsule wall in optical 
section, in the point of insertion of elements of the internal leaf crown, and in the dorsal ray of the male. 
Drawings and photomicrographs are presented that illustrate the characteristics useful for differentiating C. 
coronatus and C. sagittatus. 

key words: Coronocyclus sagittatus, Coronocyclus coronatus, Nematoda, Cyathostominea, horses. 


The Cyathostominea, or small strongyles of 
horses, can cause considerable morbidity and 
mortality in horses (Herd, 1990). Research ac¬ 
tivity on these nematodes is currently high for a 
number of reasons: 1) there is increasing rec¬ 
ognition of larval cyathostominosis, a syndrome 
in which large numbers of larvae emerge from 
the walls of the large intestine, colon, and ce¬ 
cum, causing severe colitis that may result in 
death (Mair, 1994; van Loon et al., 1995); 2) 
resistance to anthelmintics in the Cyathostomi¬ 
nea has been widely reported (Herd and Coles, 
1995; Ihler, 1995); and 3) biological control 
prospects using nematode-trapping fungi appear 
promising (Bird and Herd, 1995; Larsen et al., 
1996). This increased research interest required 
an update of the taxonomy and systematics of 
the Cyathostominea; the update was based on 3 
differing classifications of genera and species 
(Lichtenfels, 1975; Hartwich, 1986; Dvojnos 
and Kharchenko, 1994). Differences among 
these classifications were resolved at an inter¬ 
national workshop in Sun City, South Africa 
(Lichtenfels et al., 1998). The workshop devel¬ 
oped a revised list of recommended names for 
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51 recognized species of Cyathostominea and 
indicated problems in the differentiation of some 
species, including difficulties in separating 2 
similar species of the genus Coronocyclus Hart¬ 
wich, 1986, C. coronatus (Looss, 1900) and C. 
sagittatus (Kotlan, 1920). The objective of this 
report is to describe morphological characteris¬ 
tics that can be used to differentiate these 2 spe¬ 
cies. 

The genus Coronocyclus was defined (Hart¬ 
wich, 1986) by distinguishing from the genus 
Cyathostomum (sensu Lichtenfels, 1975) the 4 
species that have the sclerotized support of the 
external leaf crown (ELC) separated anteriorly 
from the wall of the buccal capsule. A fifth spe¬ 
cies was added to the genus by Dvojnos et al. 
(1994). Coronocyclus was recognized by the 
Sun City workshop as having the following 5 
species: (1) C. coronatus (Looss, 1900) Har¬ 
twich, 1986, type species, =Trichonema subco- 
ronatum Yamaguti, 1943; (2) C. labiatus (Looss, 
1902) Hartwich, 1986, = Cylicostomum labiatum 
digitatum Ihler, 1921; (3) C. labratus (Looss, 
1900) Hartwich, 1986; (4) C. sagittatus (Kotlan, 
1920) Hartwich, 1986; and (5) C. ulambajari 
Dvojnos, Kharchenko, and Lichtenfels, 1994. Of 
these 5 species, only C. sagittatus and C. coron- 
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Table 1. Geographic locality, host, number, sex, and type of specimens of Coronocyclus sagittatus and C. 
coronatus studied. 


No. studied 

Geographic - 

locality Host USNPC No. Males Females Type Collector 


Coronocyclus sagittatus 


Japan 

Equus caballus 

79081 

Mongolia 

Ec/uus caballus 

83402 

Moscow, Russia 

Equus caballus 

83403 

Coronocyclus coronatus 

Cairo, Egypt 

Equus caballus 

9598 

Panama 

Equus caballus 

58476 

Frederiksberg, 

Denmark 

Equus caballus 

85073 


2 

2 

Voucher 

M. Ito 


4 

Voucher 

G. M. Dvojnos 

2 

1 

Voucher 

G. M. Dvojnos 

2 

2 

Syntypes 

A. Looss 

2 

2 

Voucher 

A. O. Foster 

2 

2 

Voucher 

J. Monrad 


atus are difficult to distinguish from each other. 
In fact, Skladnik (1935) considered C. sagittatus 
to be a synonym of C. coronatus. However, Er¬ 
shov (1933) and most, if not all, modern re¬ 
searchers recognize both species (McIntosh, 
1951; Popova, 1958; Barus, 1962; Lichtenfels, 
1975; Hartwich, 1986; Dvojnos and Kharchen¬ 
ko, 1994). Coronocyclus sagittatus has been re¬ 
ported only rarely from Eastern Europe and Asia 
and once from the Caribbean islands (Hartwich, 
1994). Because it has not been collected from 
North America, it was described only briefly in 
the most widely available identification manual 
(Lichtenfels, 1975). With the international 
movement of horses, C. sagittatus can be ex¬ 
pected to have a wider distribution than has been 
indicated in the literature. Hartwich (1994) sug¬ 
gested that the distribution of C. sagittatus is 
probably more extensive than has been reported 
because of the difficulty in distinguishing it from 
the similar species C. coronatus. The informa¬ 
tion in this article will enable C. sagittatus to be 
identified and separated from the commonly re¬ 
ported species C. coronatus. 

Materials and Methods 

Type specimens of C. coronatus were obtained from 
the U.S. National Parasite Collection (USNPC) main¬ 
tained by the Agricultural Research Service at Belts- 
ville, Maryland. Other specimens studied are listed in 
Table 1. Scientific naming follows the recommenda¬ 
tions of the 1997 Workshop on the systematics of the 
Cyathostominea reported in an annotated checklist by 
Lichtenfels et al. (1998). Nematodes were studied in 
temporary wet mounts in the clearing agent phenol- 
alcohol (80 parts melted phenol crystals in 20 parts 
absolute ethanol) with the aid of a light microscope 
equipped with interference contrast optics. 

Drawings were made with the aid of a camera lucida 
attached to the microscope; these drawings have been 


published previously (Dvojnos and Kharchenko, 
1994). Photomicrographs were obtained with a 35-mm 
camera mounted on an Olympus Vanox research mi¬ 
croscope at magnifications ranging from X100-400 
using Kodak T-Max black-and-white negative film. 

Measurements are in micrometers unless otherwise 
indicated (Tables 2, 3). Measurements employed stan¬ 
dard methods. Buccal capsule depth was measured 
from the anterior edge of the buccal capsule wall to 
the anterior edge of the esophagus. Buccal capsule 
width was measured from the outside edges at its wid¬ 
est point. Measurements of previous authors are in¬ 
cluded in Tables 2 and 3 for comparison. 

The term “anterior dcirid’’ is used for the bilateral 
cervical papillae, even though the posterior deirid de¬ 
scribed in other nematodes (Lichtenfels et al. 1995) of 
the class Secernentea has not been described in the 
Cyathostominea. 

Results 

The 2 similar species Coronocyclus coronatus 
and C. sagittatus can be distinguished from one 
another by differences in the shape of the buccal 
capsule wall, in the point of insertion of ele¬ 
ments of the internal leaf crown (ILC), and in 
the configuration and spacing of the branches of 
the dorsal bursal ray of the male copulatory bur¬ 
sa. 

Shape of buccal capsule: The buccal cap¬ 
sule of both species is nearly cylindrical, and it 
is somewhat wider than deep. The capsule of C. 
sagittatus is proportionally wider than that of C. 
coronatus (Figs. 1, 2, 11, 12, 19-22; Tables 2, 
3). 

Shape of buccal capsule wall in optical 
section: The shape of the buccal capsule wall 
n the optical section is thumblike, thicker at the 
bottom and middle than at the top. In C. sagit¬ 
tatus, the anterior portion of the wall is thinner, 
especially in a lateral view, than it is in C. co- 


Copyright © 2011, The Helminthological Society of Washington 







58 


JOURNAL OF THE HELMINTHOLOGICAL SOCIETY OF WASHINGTON, 66(1), JANUARY 1999 


Table 2. Morphometric comparison (in micrometers unless otherwise indicated, range and mean) of 
Coronocyclus sagitttatus with data reported by Kotlan (1920),* Dvojnos and Kharchenko (1994), and 
Hartwich (1994). 


Characters 

Present study 

Kotlan (1920) 

Dvojnos and 
Kharchenko 
(1994) 

Hartwich (1994) 

Males 

Body length (mm) 

8.14-11.3 (9.93) 

10 . 0-1 1.0 

9.50-1 1.0 

9.70-1 1.0 

Body width 

375-492 (448) 

400 

— 

400-520 

Buccal capsule width 

1 16-135 (124) 

100-120 

146-160 

72-113 

Buccal capsule depth 

41-49 (45) 

40 

32-36 

32-50 

Elements of ELC 

— 

18-20 

16-20 

16-20 (18) 

Elements of ILC 

— 

70-80 

60-80 

66-74 

Nerve ringt 

307-319 (311) 

— 

— 

— 

Cervical papillaet 

431-476 (447) 

— 

422-524 

post, to ep 

Excretory poret 

394-420 (409) 

— 

384-486 

300-480 

Esophagus lengthi 

675-712 (689) 

600-700 

541-620 

540-620 

Esophageal bulb width 

176-274 (220) 

180 

— 

130-260 

Spicule length (mm) 

1.24-1.46 (1.36)+. 

— 

1.00-1.42 

1.00-1.42 

Gubemaculum length 

200-217 (207) 

— 

180-239 

180-240 

Dorsal ray length 

469-994 (751) 

— 

420 

740-860 

Females 

Body length (mm) 

9.15-12.4 (11.1) 

12.0-12.5 

10.5-12.8 

9.10-12.8 

Body width 

441-566 (519) 

500 

— 

480-670 

Buccal capsule width 

1 12-157 (130) 

— 

96-128 

72-113 

Buccal capsule depth 

45-56 (49) 

40 

33-40 

32-50 

Elements of ELC 

— 

18-20 

16-20 

16-20 

Elements of ILC 

— 

70-80 

60-80 

66-74 

Nerve ringt 

285-349 (3 17) 

— 

— 

— 

Cervical papillaet 

439-547 (481)5 

— 

422-524 

post, to ep 

Excretory poret 

382-495 (476) 

— 

384-486 

300-480 

Esophagus length !' 

675-776 (733) 

600-700 

620-730 

620-730 

Esophageal bulb width 

154-225 (220) 

180 

— 

130-260 

Vagina length 

210-712 (356)§ 

— 

— 

— 

Sphincter length 

154-330 (228) 

— 

— 

— 

Infundibulum length 

187-289 (228) 

— 

— 

— 

Vulva-to-anus length 

79-180 (155)5 

160 

— 

140-220 

Female tail length 

180-262 (214)5 

140 

140-193 

140-240 

Eggs (length X width) 

67-92 (78) X 41-49 (46) 

— 

86-94 X 44-50 

86-94 X 44-50 


* Kotlan’s measurements as reported by Theiler (1923). 
i Measurement from anterior end. 

:!: N = 3 of 4 males measured. 

5 N = 6 of 7 females measured. 


ronatus, which has a more uniform thickness 
overall (Figs. 19-22). 

Insertion of ilc: The bases of the elements 
of the internal leaf crown rest, or are inserted, 
on the inner surface of the anterior part of the 
buccal capsule. In C. sagittatus, the ILC inser¬ 
tion is at a point about Vi of the depth of the 
buccal capsule (Figs. 19, 21); in C. coronatus, 
the ILC insertion is at '/ 5 to V\ of the buccal cap¬ 
sule depth (Figs. 20, 22). 

Relative width of elements of ilc: A com¬ 
parison of the width or thickness of the palisade¬ 


like elements of the ILC of the 2 species re¬ 
vealed that they are wider in C. sagittatus (Fig. 
23) than they are in C. coronatus (Fig. 24). 

Esophagus, nerve ring, anterior df.irids, ex¬ 
cretory pore: These characteristics are illus¬ 
trated (Figs. 25, 26), and measurements pertain¬ 
ing to them are included in Tables 2 and 3, but 
differences between species were regarded as 
being related to differences in size of the nem¬ 
atodes. On average, C. sagittatus is 16—22% lon¬ 
ger than C. coronatus (Tables 2, 3). 

Dorsal ray of copulatory bursa: Almost 


Copyright © 2011, The Helminthological Society of Washington 







LICHTENFELS ET AL.—DISTINGUISHING CORONOCYCLUS SAGITTATUS AND C. CORONATUS 


59 


Table 3. Morphometric comparison (in micrometers unless otherwise indicated, range and mean) of 
Coronocyclus coronatus with data reported by Theiler (1923), Dvojnos and Kharchenko (1994), and Hart- 
wich (1994). 


Characters 

Present study 

Theiler (1923) 

Dvojnos and 
Kharchenko (1994) 1 

■fartwich (1994) 

Males 

Body length (mm) 

8.42-9.32 (8.56) 

8.75-9.00 

6.84-10.28 

6.40-10.3 

Body width 

300-370 (335) 

340-360 

— 

210-410 

Buccal capsule width 

67-75 (69) 

24-28 

62-92 

39-100 

Buccal capsule depth 

37-49 (43) 

44-50 

32-40 

28-5 1 

Elements of ELC 

— 

22 

20-22 

20-24 

Elments of ILC 

— 

— 

72-80 

70-80 

Nerve ring* 

228-255 (244) 

— 

— 

— 

Cervical papillae* 

317-379 (362) 

280-300 

320-376 

230-440 

Excretory pore* 

284-356 (329) 

280-300 

— 

250-440 

Esophagus length 

442-499 (454) 

380-400 

360-520 

360-680 

Esophageal bulb width 

97-262 (133) 

100 

— 

90-100 

Spicule length (mm) 

0.72-1.06 (0.94) 

— 

0.72-1.35 

0.67-1.40 

Gubernaculum length 

146-169 (164) 

— 

156-210 

110-200 

Dorsal ray length 

600-675 (648) 

600 

502-717 

460-720 

Females 

Body length (mm) 

8.14-10.4 (9.06) 

9,50-10.0 

7.50-10.47 

5.90 0,5 

Body width 

300-416 (374) 

400-440 

— 

240-460 

Buccal capsule width 

65-75 (72) 

24-28 

68-126 

39-100 

Buccal capsule depth 

39-45 (43) 

44-50 

38-44 

28-51 

Elements of ELC 

— 

22 

20-22 

20-24 

Elements of ILC 

— 

— 

72-80 

70-80 

Nerve ring* 

244-281 (259) 

— 

— 

— 

Cervical papillae* 

31 1 -394 (362) 

280-300 

352-450 

250-440 

Excretory pore* 

300-378 (329) 

280-300 

— 

250-440 

Esophagus length 

469-510 (491) 

380-400 

400-683 

360-680 

Esophageal bulb width 

105-146 (133) 

100 

— 

180 

Vagina length 

247-435 (336) 

280-360 

280-360 

— 

Sphincter length 

240-307 (260) 

— 

— 

— 

Infundibulum length 

206-318 (251) 

— 

— 

— 

Vulva-to-anus length 

i12-120 (1 15) 

120-140 

74-89t 

75 -150 

Female tail length 

146-180 (164) 

160-200 

150-223 

120-220 

Eggs (length X width) 

79-93 (84) X 37-55 (44) 

80-90 X 36-44 

92-103 X 44-55 

75-103 X 36-55 

* Measured from the anterior end. 

t Calculated measurement from Dvojnos and Kharchenko ( 

1994). 






Figures 1-9. Camera lucida drawings of Coronocyclus sagittatus. Scale bars = 50 pm (Figs. 1, 2, 7-9) 
and 200 pm (Figs. 3-6). 1. Anterior end, dorsoventral view, showing optical section of cylindrical buccal 
capsule; a shallow, thick-walled esophageal funnel; elements of ILC; elements of ELC; spindle-shaped 
optical sections of ringlike sclerotized support (supports) for elements of ELC; mouth collar; lateral pa¬ 
pillae (amphids); and 4 submedian cephalic papillae. 2. Anterior end, lateral view, showing same structures 
as in previous figure from different view. 3. Anterior end, ventral view, showing esophagus, nerve ring, 
anterior deirids, and excretory pore. 4. Male tail, lateral view. 5. Male tail, ventral view. 6. Female tail, 
lateral view, showing anus, vulva, and some portions of the ovejectors. 7. Genital cone of male, lateral 
view, showing gubernaculum and projections on ventral part of cone. 8. Genital cone, ventral view, show¬ 
ing distal tip of gubernaculum, internal plates, and projections of ventral part of cone. 9. Fused spicule 
tips. 
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Figures 10-18. Camera lucida drawings of Coronocyclus coronatus. Scale bars = 50 |xm (Figs. 11, 12, 
16-18) and 200 pm (Figs. 10, 13-15). 10. Anterior end, ventral view, showing esophagus, nerve ring, 
anterior deirids, and excretory pore. 11. Anterior end, dorsoventral view, showing optical section of cy¬ 
lindrical buccal capsule; a shallow, thick-walled esophageal funnel; elements of ILC; elements of ELC; 
spindle-shaped optical sections of ringlike sclerotized support (supports) for elements of ELC; mouth 
collar; lateral papillae (amphids); and 4 submedian cephalic papillae. 12. Anterior end, lateral view, 
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all dorsal rays of the Cyathostominea have 6 
branches, 3 on each side of a medial fissure that 
usually extends to a point between the level of 
the origins of the proximal branches of the dor¬ 
sal ray and the externodorsal rays. The 3 branch¬ 
es on each side of the dorsal ray are the proximal 
branch, the middle branch, and the longest or 
main branch (Figs. 4, 5, 13, 14, 27, 28). In C. 
sagittatus, the distance between the origin of the 
proximal branch and the origin of the medial 
branch is equal to or less than the length of the 
proximal branch. The proximal branch does not 
overlap the origin of the middle branch (Figs. 5, 
27). In C. coronatus, the distance between the 
origins of the proximal and middle branches is 
less than the length of the proximal branch, and 
the proximal branch overlaps the origin of the 
middle branch (Figs. 14, 28). In C. sagittatus, 
the dorsal ray is divided by the medial fissure 
only to the level of the proximal branch, but in 
C. coronatus the medial fissure divides the dor¬ 
sal ray to its base. 

Relative length of female tail to distance 
between vulva and anus: Based on previous¬ 
ly published measurements of C. sagittatus and 
C. coronatus, the length of the female tail com¬ 
pared to the distance between the vulva and the 
anus appeared to provide a useful character in 
females for distinguishing these 2 species. In C. 
sagittatus, these measurements were reported to 
be about equal, but in C. coronatus, the tail was 
reported to be longer than the distance from vul¬ 
va to anus (Tables 2, 3). However, our measure¬ 
ments of just 6 females of C. sagittatus found 
the vulva-to-anus distance to be somewhat short¬ 
er than the tail length, as in C. coronatus (Table 
2 ). 

Discussion 

The characters described in the Results sec¬ 
tion and illustrated in the photomicrographs and 
line drawings can be used to distinguish adult, 
fifth-stage specimens of the 2 similar species 
Coronocyclus coronatus and C. sagittatus. 
Three key cephalic characters that are applicable 


to both sexes (the shape of the buccal capsule, 
the shape of the buccal capsule wall in optical 
section, and the point of insertion of elements of 
the ILC on the inside of the buccal capsule wall) 
are provided, and an additional key character is 
provided for males (the configuration of the 
branches of the dorsal ray of the copulatory bur¬ 
sa of the male). 

Our data indicated that characteristics of the 
female tail could not be used to separate these 
species. Previously published measurements in¬ 
dicated that differences between the distance 
from vulva to anus and the length of the tails 
and differences between vagina lengths might 
exist between C. sagittatus and C. coronatus 
(Tables 2, 3), but our measurements did not sup¬ 
port the use of these characters. Our method of 
sampling variation within species involved mea¬ 
suring a few specimens from as many different 
isolates as was practical. We included specimens 
from 3 different isolates of each species in our 
measurements. This may explain the greater 
range of variation in our measurements com¬ 
pared to those described in earlier reports (Ta¬ 
bles 2, 3). 

Although the greater width of the ILC ele¬ 
ments of C. sagittatus can be used as a supple¬ 
mentary character to distinguish the species 
from C. coronatus, the numbers of elements in 
the leaf crowns cannot. Because of overlap and 
considerable variation in the number of elements 
in the ELC and in the ILC, the number of ele¬ 
ments is not a useful character for separating 
these species. Kosupko and Nechinenny (1982) 
studied en face preparations of both species and 
reported on C. sagittatus as having 20 ELC el¬ 
ements and 68-74 ILC elements. They reported 
that C. coronatus had 20-22 ELC elements and 
72-80 ILC elements. Braide and Georgi (1974) 
studied en face preparations of C. coronatus and 
reported 22 ELC elements. Looss (1900, 1902) 
reported “about 22” ELC elements in C. coron¬ 
atus. In his survey of the literature, Hailwich 
(1994) reported a wide range of numbers of leaf 
crown elements. 


showing same structures as in previous figure from different view. 13. Male tail, lateral view. 14. Male 
tail, ventral view. 15. Female tail, lateral view, showing anus, vulva, and some portions of the ovejectors. 
16. Genital cone of male, lateral view, showing gubernaculum and projections on ventral part of cone. 17. 
Genital cone, ventral view, showing distal tip of gubernaculum, internal plates, and projections of ventral 
part of cone. 18. Fused spicule tips. 
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Figures 19-24. Coronocyclus sagittatus and C. coronatus, photomicrographs of key differentiating char¬ 
acters. Scale bars = 50 p.m. Figures 19, 20. Anterior ends, dorsoventral views, showing optical sections of 
cylindrical buccal capsules, elements of ILC and ELC, spindle-shaped optical sections of ringlike sclero- 
tized supports of the ELC (supports) (arrows), and lateral papillae (amphids). 19. C. sagittatus. 20. C. 
coronatus. Figures 21, 22. Anterior ends, lateral views, showing optical sections of cylindrical buccal 
capsules, elements of ILC and ELC, spindle-shaped supports, and the mouth collar. 21. C. sagittatus. 22. 
C. coronatus. Figures 23, 24. Anterior ends, dorsoventral views, focused on submedian cephalic papillae 
and elements of the ILC. 23. C. sagittatus. 24. C. coronatus. 
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Figure 25-31. C. sagittatus and C. coronatus, photomicrographs of the esophagus and key differenti¬ 
ating characters of the male and the female. Scale bars = 100 pm. 25. C. sagittatus, lateral view (arrow 
at excretory pore). 26. C. coronatus, dorsoventral view, showing positions of nerve ring and cervical 
papillae (anterior deirids). Figures 27, 28. Male tails, dorsolateral and dorsal views respectively, showing 
proximal (upper arrow), middle (lower arrow), and main branches of the dorsal rays. 27. C. sagittatus. 
28. C. coronatus. Figures 29-31. Female tails, showing positions of anus, vulva (large arrows), and con¬ 
stituent parts of the ovejectors including vestibule (v), sphincters (s), and infundibula (between small 
arrows). 29, 30. C. sagittatus. 31. C. coronatus. 
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Distinguishing C. sagittatus from C. corona¬ 
tus requires a careful comparison of the char¬ 
acteristics of the buccal capsules and of the ILC 
elements. To assist in these identifications, we 
have provided photomicrographs of these char¬ 
acteristics side by side (Figs. 19—24). This im¬ 
proved identification aid should provide the re¬ 
search tools needed to determine whether the ap¬ 
parently low distribution of the rarely reported 
C. sagittatus has resulted from an inability to 
distinguish it from the more commonly reported 
C. coronatus, as suspected by Hartwich (1994). 

Coronocyclus coronatus is distributed through¬ 
out the range of the hosts, Equus caballus, E. 
przhewalskii, E. asinus, E. hemionus, and hy¬ 
brids of horses. Its most common habitat is the 
caecum. Coronocyclus sagittatus is a rare spe¬ 
cies, not found in E. asinus or E. hemionus. Its 
preferred habitat is not known. 

Larvae of the fourth stage have only been 
identified in C. coronatus. The larva’s buccal 
capsule is large; the width is less than or equal 
to the length; and the walls are thick, with a 
sharply pointed anterior edge. A thick, triangu¬ 
lar, ringlike anterior part of the lining of the 
esophageal funnel supports the buccal capsule. 
The esophageal funnel is well developed, with a 
pointed dorsal tooth that has a wide base. The 
tooth does not project into the buccal cavity 
(Dvojnos and Kharchenko, 1987). 
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abstract: Metazoan parasites and commensals were 
collected from dead manatees salvaged in Puerto Rico. 
Thirty-five manatees were examined between 1980 
and 1998. Parasites and commensals were identified in 
20 (57%) manatees and included 3 species of hel¬ 
minths, 1 nematode ( Heterocheilus tunicatus ) and 2 
digeneans ( Chiorchis fabaceus and Cochleotrema 
cochleotrema). Two species of commensals were also 
associated with manatees: a barnacle ( Chelonibia man¬ 
at i) and a fish (whitefin remora, Echeneis neucrato- 
ides). The 3 species of helminths found in manatees 
constitute the first records of these parasite-host rela¬ 
tionships for the study area. The record of C. manati 
is the first for the Caribbean, and thus the species is 
not endemic to the Gulf of Mexico as previously de¬ 
scribed. The speculation that West Indian manatees 
closer to the center of their geographic distribution 
would have a greater diversity of parasites was found 
not true for these insular specimens but perhaps could 
be true for continental South American specimens. 

key words: Sirenia, Trichechus manat its. hel¬ 
minths, nematodes, digeneans, barnacles, remoras, Ca¬ 
ribbean. 

After reporting on the prevalence of parasites 
in West Indian manatees ( Trichechus manatus 
Linnaeus 1758) from Florida, Beck and Forres¬ 
ter (1988) proposed that an examination of man¬ 
atees recovered near the center of the species 
distribution may yield a greater diversity of par¬ 
asite fauna than had been reported previously. 
Several references to the helminths of manatees 
in the Caribbean and South America exist (see 
Beck and Forrester, 1988; Coy-Otero, 1989), but 
the parasite and commensal fauna of manatees 
inhabiting the waters of Puerto Rico has not 
been described. 


4 Corresponding author (e-mail: mignucci@ctu-ibe.net). 

5 Present address: 405 Keaninani St., Kailua, Hawaii 
96734. 


To assess the parasite and commensal fauna 
of manatees in Puerto Rico, helminths and sym¬ 
bionts were collected from dead manatees sal¬ 
vaged by the U.S. Fish and Wildlife Service 
(USFWS) between 1980 and 1988 and by the 
Caribbean Stranding Network (CSN) between 
1989 and 1998 (Mignucci-Giannoni, 1996). 
When the condition of the animals allowed, car¬ 
casses salvaged or necropsied were examined 
for metazoan endoparasites by searching the en¬ 
tire gastrointestinal tract, major organs, blubber, 
and nares. The skin was searched for external 
parasites and commensal associates. Specimens 
of each parasite or commensal collected were 
initially fixed with 10% buffered formalin and 
then stored in glass vials in 70% ethanol. Rep¬ 
resentative helminth specimens were deposited 
in the United States National Parasite Collection 
(USNPC), Beltsville, Maryland. 

Thirty-five manatees were examined. Para¬ 
sites and commensals were collected from 20 
(57%) of these animals. Three species of para¬ 
sites were identified: 1 nematode {Heterocheilus 
tunicatus Diesing, 1839) and 2 digeneans 
{Chiorchis fabaceus (Diesing, 1838) and Coch¬ 
leotrema cochleotrema (Travassos and Vogel¬ 
sang, 1931)) (Table 1). Two species of commen¬ 
sals were associated with manatees: 1 cirriped 
barnacle {Chelonibia manati Pilsbry, 1916) and 
1 fish (whitefin remora, Echeneis neucratoides 
Zuieuw, 1789) (Table 1). No cestodes, acantho- 
cephalans, or cyamids were observed. 

Heterocheilus tunicatus was collected from 10 
manatees (29%), mostly in the stomach and rare¬ 
ly extending to the intestine. The paramphistome 
fluke C. fabaceus was found in 14 animals 
(40%) in the duodenal diverticula, ileum, cecum, 
large intestine, and colon. Cochleotrema coch- 
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Table 1. Parasite and commensal fauna collected from manatees (Trichechus manatus ) in Puerto Rico. 


Date of 
collection 

Sex 

Host 

Length 

(cm) 

Locality 

Parasite 

Location in host 

USNPC 

19 Sep 1980 

M 

313 

Vega Baja 

C. fabaceus 

Cecum 


1 Nov 1982 

M 

295 

Cabo Rojo 

C. fabaceus 

Intestine 


2 Oct 1982 

M 

210 

Salinas 

H. tunicatus 

Stomach 


13 Aug 1984 

F 

151 

Penuelas 

C. manati 

Skin 


7 Jun 1989 

F 

208 

Salinas 

C. fabaceus 

Cecum, colon 


14 Jan 1990 

F 

329 

Ceiba 

H. tunicatus 

Stomach 

87830.00 

4 Oct 1990 

F 

206 

Luquillo 

C. fabaceus 

Ileum 






C. cochleotrema 

Nares 






H. tunicatus 

Stomach, jejunum 

87821.00 

1 1 Apr 1991 

F 

210 

Toa Baja 

C. fabaceus 

Cecum 

8781 1.00 

31 May 1991 

F 

300 

Cabo Rojo 

C. fabaceus 

Ileum 

87812.01 





C. cochleotrema 

Nares, trachea 

87812.02 





H. tunicatus 

Stomach 

87812.03 





C. manati 

Skin 


18 Apr 1992 

M 

294 

Ceiba 

C. fabaceus 

Cecum 

87813.01 





C. cochleotrema 

Nares 






H. tunicatus 

Stomach 

87813.02 





E. neucratoides 

Skin 


26 Aug 1992 

M 

258 

Ponce 

C. fabaceus 

Colon 

78643 





C. cochleotrema 

Nares 

78642 





H. tunicatus 

Stomach 

78641 

24 Mar 1993 

M 

296 

Fajardo 

C. fabaceus 

Intestine, colon 

87814.01 





C. cochleotrema 

Nares 






H. tunicatus 

Stomach 

87814.02 

28 Aug 1993 

M 

273 

Guayanilla 

C. fabaceus 

Intestine, colon 

87815.01 





C. cochleotrema 

Nares 

87815.02 





H. tunicatus 

Stomach, ileum 

87815.03 

14 Sep 1993 

F 

331 

Rincon 

C. fabaceus 

Small intestine 

87816.00 

15 Jul 1994 

M 

307 

Ceiba 

H. tunicatus 

Stomach 

87822.00 

9 Jun 1995 

M 

229 

Aguada 

C. cochleotrema 

Nares 

87823.00 

10 Apr 1996 

F 

207 

Juana Diaz 

C. fabaceus 

Colon 

87818.00 

10 Feb 1997 

M 


Humacao 

C. fabaceus 

Colon 

87819.01 





C. cochleotrema 

Nares 

87819.02 





H. tunicatus 

Stomach 

87819.03 

21 Jan 1998 

F 

148 

Juana Diaz 

C. manati 

Skin 


1 8 Mar 1998 

M 

277 

Toa Baja 

C. fabaceus 

Colon 

87820.01 





C. cochleotrema 

Nares 

87820.02 


leotrema was found in 9 manatees (26%), in the 
nares of the host, although on 1 occasion this 
trematode was also found in the trachea and lar¬ 
ynx. Chelonibia manati was only found in 3 
manatees. In 1 manatee, the commensal E. neu- 
cratoides was reported. Remoras have been ob¬ 
served regularly on free-roaming manatees in 
the study area. 

Only 1 of the manatees was parasitized si¬ 
multaneously by 4 of the species of parasites and 
commensals identified, 6 (17%) were infected 
by 3 species of parasites, 1 was infected by only 
2 species of parasites, and 12 (34%) were in¬ 
fected by only 1 species of parasite. In some 
manatees some parasites were not observed. 


probably because of the state of decomposition 
of the animal and not the lack of antemortem 
presence of the parasite. All manatees that had 
parasites were either freshly dead or moderately 
decomposed when necropsied. Of the manatees 
examined in which parasites were not found, 6 
were in an advanced state of decomposition and 
4 were moderately decomposed. 

Parasitized animals ranged in age from <1 to 
>28 years (ages determined following the tech¬ 
nique of Marmontel et al., 1996) and were 148- 
335 cm in length. The youngest animals found 
as a host (<1 year of age, 148 and 151 cm in 
length) had only the commensal C. manati. The 
2-3-yr-old animals with endoparasites were 
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feeding on seagrass. Neonates <130 cm were 
not parasitized by helminths. A captive-reared 
manatee (Mignucci-Giannoni, 1998) that died at 
approximately 1.9 yr of age (210 cm in length, 
190 kg) was not parasitized by any helminth. 

All 3 species of helminths noted here are 
known to parasitize manatees in Florida, Mexi¬ 
co, Brazil, and Guyana (see Beck and Forrester, 
1988). A new species of paramphistomid trem- 
atode from the intestines of a manatee from 
Cienaga de Zapata in Cuba was described by 
Coy-Otero (1989) as Chiorchis groschafti Coy- 
Otero, 1989, but this specimen appears not to 
differ from C. fabaceus. The trematodes Nuda- 
cotyle undicola Dailey, Vogelbein and Forrester, 
1988 and Moniligerum blairi Dailey, Vogelbein 
and Forrester, 1988 and coccidian oocysts Ei- 
meria manatus Upton, Odell, Bossart, and 
Walsh, 1989 and Eimeria nodulosa Upton, 
Odell, Bossart, and Walsh, 1989 have also been 
reported to parasitize Florida manatees (Beck 
and Forrester, 1988; Dailey et al., 1988; Upton 
et al., 1989) but were not collected in the gas¬ 
trointestinal tracts of manatees examined from 
Puerto Rico. 

The 3 species of helminths found in these 
manatees constitute the first records of these par¬ 
asite-host relationships for the study area. The 
commensal C. manati is the first record in the 
Caribbean. It was initially described from west¬ 
ern Florida on a manatee and loggerhead turtles 
(Caretta caretta (Linnaeus, 1758)), and 1 record 
exists from Texas from an unknown host (Git- 
tings et al., 1986). The Texas finding convinced 
Gittings et al. (1986) that the species was en¬ 
demic to the Gulf of Mexico, which our present 
findings contradict. 

Although Puerto Rico is closer to the center 
of the West Indian manatee’s geographic distri¬ 
bution than is Florida, the parasite diversity was 
not greater than that found in the northern part 
of the species’ range. Puerto Rico is located in 
the middle of an island chain and thus has fewer 
shallow-water faunal species than do areas clos¬ 
er to the continental shelves. Thus, intermediate 
hosts of other described manatee helminths may 
be lacking. Continental specimens from the 
shores of Central America or South America 
may be a better test for Beck and Forrester’s 
(1988) hypothesis. 


Salvage and specimen collections were con¬ 
ducted under USFWS permits PRT 2-8430 and 
PRT-684532 and under a cooperative agreement 
with Puerto Rico’s Department of Natural and 
Environmental Resources. Support for the study 
was provided in part by a grant to the CSN from 
the USFWS Caribbean Field Office. M. Mar- 
montel (Projeto Mamiraua, Brazil) and D. J. 
Banowetz (Florida Department of Environmen¬ 
tal Protection) determined the ages of the ani¬ 
mals used in the study. We are grateful for the 
assistance of CSN participants in the study. The 
research and preparation of this contribution was 
conducted as part of a postdoctoral fellowship 
for A.A.M.G. with the U.S. Geological Survey 
Biological Resources Division Sirenia Project in 
Gainesville, Florida. 
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abstract: Round gobies ( Neogobius melanostomus) 
were collected from Hammond Marina and Calumet 
Harbor, southern Lake Michigan, Indiana, and exam¬ 
ined for helminths. Sixty-four gobies were collected at 
Hammond Marina and 245 gobies and 4 sculpins were 
collected from Calumet Harbor. Larval helminths re¬ 
covered from gobies included Diplostomum sp. and 
Eustrongylides sp. Acanthocephalus dirus (Van 
Cleave, 1931) was the only other parasite found. Di¬ 
plostomum sp. was only found in gobies from Calumet 
Harbor, but A. dirus and Eustrongylides sp. were found 
in gobies from both collection sites. Parasite species 
richness, prevalence, mean intensity, and mean abun¬ 
dance were low in gobies. Parasite species found in 
gobies have been found previously in native fish spe¬ 
cies in the Great Lakes. 

KEY words: round goby, Neogobius melanosto¬ 
mus, introduced species, helminths, southwest Lake 
Michigan, Indiana, Acanthocephalus dirus, Diplosto¬ 
mum sp., Eustrongylides sp. 

The round goby, Neogobius melanostomus, 
was introduced into the Great Lakes between 
1986 and 1988 (Jude et al., 1992) probably from 
the Black Sea to the St. Clair River or Lake St. 
Clair in the ballast water of transoceanic freight¬ 
ers. The round goby is merely one of numerous 
animal species that have been introduced into 
the Laurentian Great Lakes (Mills et al., 1993). 
Jude et al. (1992) discussed the impact of round 
gobies on native fish species and suspected that 
native sculpins may be significantly impacted 
because they share similar resource require¬ 
ments with the more aggressive gobies. The 
round goby appears to have established dense 
populations (Jude et al., 1992), leading to a de¬ 
cline in local native species (Crossman et al., 
1992). 

Muzzall et al. (1995) reported that all species 
of parasites of the round goby and tubenose 
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goby, Proterorhinus marmoratus, from the St. 
Clair River and Lake St. Clair, Michigan, had 
been previously reported from other fish species 
in the Great Lakes and suggested that no para¬ 
sites from the Black Sea had become established 
when the gobies were introduced to the Great 
Lakes. However, the following fish pathogens 
and parasites have been introduced into the 
Great Lakes: the myxosporean Myxosoma cere- 
bralis, which causes whirling disease in salmo- 
nids, the microsporidian Glugea hertwigi, which 
infects rainbow smelt, and the bacterium Aero- 
monas salmonicida, which causes furunculosis 
(Mills et al., 1993). 

The purpose of this study was to determine 
which parasite species were being recruited as 
the round gobies spread into southern Lake 
Michigan. We wanted to determine if the gobies 
were recruiting parasites found in native fish 
species, as found by Muzzall et al. (1995), and 
if parasites from Eurasia had become established 
in the gobies. 

Divers utilizing SCUBA netted gobies in 
southern Lake Michigan from 2 sites. From June 
through October 1995, gobies were collected 
from Hammond Marina (41°69'N, 87°51'W). 
From May through October 1996 and June 
through October 1997, they were collected from 
Calumet Harbor (41°72'N, 87°52'W). The Ham¬ 
mond Marina site was used only during 1995 
because the site was destroyed by human devel¬ 
opment in 1996. The 2 sites were approximately 
4 km apart along the southwestern shore of Lake 
Michigan. Fish were collected near shore in wa¬ 
ter depths ranging from 2 to 8 m. Gobies were 
transported alive to the laboratory, where they 
were euthanized with MS-222. At necropsy, 
they were weighed and measured (total length), 
and sex was determined. The location of collec¬ 
tion, number of fish examined, and weight and 
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Table 1. Prevalence (PR), mean (±SD) intensity (I) and (A), and number of helminths found in Neogobius 
melanostomus from southern Lake Michigan, 1995, 1996, and 1997. 



Calumet Harbor 
(n = 245) 



Hammond Marina 
(n = 64) 





No. 


Parasite 

PR I A 

No. worms 
recovered 
(range) 

PR 

worms 

recovered 

I A (range) 

Site 

Digenea 

Diplostomum sp. 

Acanthocephala 

Acanthocephalus 

6.1 4.5 ± 5.3 0.3 ± 0.5 

67 (1-21) 



lens 

dirus 

Nematoda 

2.4 1.0 0.2 ± 0.5 

6 

4.7 

1.3 ± 0.6 0.06 ±0.01 4 (1-2) 

intestine 

Eustrongylides sp. 

0.5 1.0 0.004 ± 0.06 

1 

1.6 

1.0 0.02 ± 0.1 1 

encysted in 
mesenteries 


total length ranges (followed by mean ± SD) are 
as follows: round gobies: Hammond Marina 
(Hammond, Indiana), n = 64, 0.7-78.0 (10.7 ± 
14 . 4 ) g, 2.0-19.5 (8.1 ± 3.0) cm; Calumet Har¬ 
bor (Illinois-Indiana state line), n = 245, 0.3- 
33.1 (5.3 ± 5.2) g, 3.3-13.3 (7.1 +1.8) cm; scul- 
pins: Calumet Harbor (Illinois-Indiana state 
line), n = 4, 4.1-14.2 (7.8 ± 4.6) g, 7.2-9.8 (8.3 
± 1.1) cm. 

The skin, gills, eyes, orbits, peritoneal cavity, 
mesenteries, and peritoneal viscera were exam¬ 
ined for parasites. Fish were examined within 24 
hr of capture. Routine procedures were used to 
collect and process parasites. Terminology fol¬ 
lows the definitions given by Bush et al. (1997). 
Voucher specimens of Acanthocephalus dirus 
and Diplostomum sp. were deposited in the U.S. 
National Parasite Collection (USNPC), Belts- 
ville, Maryland (USNPC 87778 and 87779, re¬ 
spectively). 

The current study is the first to report para¬ 
sites from naturalized gobies in southern Lake 
Michigan. Acanthocephalus dirus, Diplostomum 
sp., and Eustrongylides sp. were found in gobies 
from 1 or both sites (Table 1). Diplostomum sp. 
was found only in gobies from Calumet Harbor. 
All 4 sculpins were infected with A. dirus at the 
same mean intensity and mean abundance, 4.0 
± 2.4. The mean intensity, mean abundance, and 
prevalence of helminth species were too low to 
make any meaningful comparisons for sampling 
site, sex, or length of the gobies. 

We found only 3 species of helminths com¬ 
pared with the 7 species found n round gobies 
by Muzzall et al. (1995). Additionally, we ob¬ 


served very low intensities of infection (Table 
1). Muzzall et al. (1995) suggested that low in¬ 
tensities for most helminth species may result 
from the limited time the gobies have been pre¬ 
sent in the system. This explanation also applies 
to our results. Gobies were first reported from 
Hammond Marina and Calumet Harbor in 1994 
(Charlebois et al., 1997). Our collections of go¬ 
bies in Hammond Marina began 1 yr after they 
were first reported. 

A second factor is the presence or absence of 
intermediate hosts that can serve to complete a 
parasite life cycle. Intermediate hosts may serve 
as food items for the gobies or may merely re¬ 
lease larval stages that can infect the gobies. For 
example, snails of the genus Lymnaea serve as 
the first intermediate host for Diplostomum sp., 
and these snails may have been less common in 
Hammond Marina than in Calumet Harbor. 
Acanthocephalus dirus utilizes aquatic isopods 
(Caecidotea spp.) as intermediate hosts, and 
these isopods were not well represented in the 
gut contents of the gobies we examined. How¬ 
ever, zebra mussels were a common food item 
in the gut of round gobies, as was found by Muz- 
all et al. (1995) and Pronin et al. (1997). Toews 
et al. (1993) reported very low prevalence and 
intensity of infection of zebra mussels with par¬ 
asites from Lake St. Clair. We also examined 
500 zebra mussels from southern Lake Michigan 
and found no parasites in them. Zebra mussels 
do not appear to be a significant source of in¬ 
fective stages of parasites. 

In a similar study, Radomski et al. (1991) sug¬ 
gested that armadillos, Dasypus novemcinctus, 
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near the periphery of their geographic range 
have fewer species and lower numbers of hel¬ 
minths, whereas more established populations 
tend to have greater numbers and species rich¬ 
ness. The round gobies in southern Lake Mich¬ 
igan are near the periphery of their distribution 
and exhibit lower mean intensities and species 
richness when compared with the gobies from 
the St. Clair River and Lake St. Clair. 

The founding population in southern Lake 
Michigan was most likely small and would have 
carried few if any parasites (Marcogliese, 1992; 
Pronin et al., 1997). This latter phenomenon has 
been termed the geographic barrier hypothesis 
(Radomski et al., 1991). 

Muzzall et al. (1995, p. 228) suggested that 
native species such as sculpins might also “have 
low intensities in similar niches and should be 
examined for comparative purposes.” We col¬ 
lected 4 sculpins that were all infected with A. 
dirus, but the sample size was too small to make 
any meaningful comparisons with the present 
goby infection data. Although the sample size of 
sculpins was small, 1 female A. dirus found in 
a sculpin was gravid, suggesting that native scul¬ 
pins can serve as a suitable host for A. dirus. 
However, the female A. dirus found in gobies 
were not gravid, so it is not known if gobies can 
serve as a suitable host. 

Parasite species in the round gobies apparent¬ 
ly did not arrive with the original goby coloniz¬ 
ers of Lake Michigan but were acquired after 
their introduction to the lake. Diplostomum sp., 
Eustrongylides sp., and A. dirus have been pre¬ 
viously reported from native fishes in the Great 
Lakes (Amin, 1977, 1985; Dechtiar et al., 1988). 
The larval Diplostomum sp. and Eustrongylides 
sp. infecting the gobies can mature in vertebrates 
found in the Great Lakes region (Muzzall et al., 
1995). Although Diplostomum sp. has a wide¬ 
spread distribution (including the Black Sea wa¬ 
tershed), it was most likely recruited locally as 
opposed to being introduced from the Black Sea. 

We thank Omar Amin and Patrick Muzzall for 
assistance in identifying the parasites. David 
Marcogliese kindly reviewed a draft of this man¬ 
uscript. 
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abstract: Twelve helminth taxa (6 Nematoda, 5 
Trematoda, and 1 Cestoda) were found in 43 froglets 
of the northern leopard frog, Rana pipiens Schreber, 
from Foggy Bottom Marsh n southern Michigan dur¬ 
ing July-October 1997. The cestode, Mesocestoides 
sp., had the highest mean intensity. Four taxa of larval 
trematodes occurred in the froglets, with the strigeid 
metacercariae having the highest prevalence and mean 
abundance and the unidentified metacercariae having 
the highest mean intensity. Clinostomum sp. and Fi- 
bricola sp. were also found. Of the nematodes, Os- 
waldocruzia priceae had the highest prevalence, and 
Rhabdias ranae had the highest mean intensity and 
mean abundance. Larval digeneans were the first mem¬ 
bers of the helminth community to become established 
in the froglets, along with O. priceae and Cosmocer- 
coides dukae. Taxonomically, 536 (40%) cestodes, 484 
(36%) trematodes, and 309 (23%) nematodes were 
found in the froglets. Although there are reports of 
parasites causing amphibian deformities, abnormalities 
were not observed in froglets that were commonly in¬ 
fected with larval helminths. One adult leopard frog 
was infected with Mesocestoides sp., O. priceae, R. 
ranae, and Gorgodera amplicava. 

key words: Rana pipiens, northern leopard frog, 
froglet, helminths, Nematoda, Trematoda, Cestoda, de¬ 
formities, Michigan. 

Parasites of the northern leopard frog in North 
America have been investigated by several au¬ 
thors: Faust (1918), Hegner (1922), Walton 
(1929), Reiber et al. (1940), Chandler (1942), 
Ulmer (1970), Baker (1976, 1978, 1985), Levine 
and Nye (1977), Williams and Taft (1980), Mar¬ 
tin and Conn (1990), McAllister and Conn 
(1990), and McAlpine (1997). Jewell (1916), 
Cort (1917), Fortner (1923), Cort and Brooks 
(1928), Hughes (1928), Krull (1930, 1931), Tal¬ 
bot (1933), Cort and Brackett (1938), Olivier 
and Odlaug (1938), Herber (1939), Lawler 
(1939), Thomas (1939), Olivier (1940, 1942), 
Najarian (1952, 1953a, b, 1954, 1955), Ridge- 
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way (1964), and Werner and Walewski (1976) 
all reported on the parasites of Michigan leopard 
frogs. As far as we know, McAlpine’s (1997) is 
the only publication on parasites of young and 
juveniles of this species in North America. Pop¬ 
ulations of anurans, including leopard frogs, 
with limb abnormalities occur throughout North 
America. Sessions and Ruth (1990) found meta¬ 
cercariae in close association with hindlimb de¬ 
formities of the Pacific tree frog, Hyla regilla, 
and the long-toed salamander, Ambystoma ma- 
crodactylum. They suggested that metacercariae 
cause a mechanical disruption in limb growth, 
thus explaining the presence of limb deformities. 
The objectives of our study were to survey the 
helminths of froglets in a natural population of 
northern leopard frogs and to report if metacer¬ 
cariae were associated with limb abnormalities. 

A total of 44 frogs (43 froglets and 1 adult) 
were collected by hand or dip net during the day 
in July-October 1997 from Foggy Bottom 
Marsh, Mason County, southern Michigan. It 
has an area of approximately 40 acres and rang¬ 
es in depth from 0.5 to 1 m. Cattails (Typha 
spp.) and various sedges border the marsh’s 
edge, and oaks (Quercus spp.) and maples (Acer 
spp.) surround the northern and eastern shores. 
We consider a froglet to be a young of the year 
individual with both forelimbs and hindlimbs 
and not of breeding size. Froglets less than 5 mo 
old were collected on 5 dates, 2 wk apart, mostly 
in the transition area between land and water and 
in water approximately 20 cm in depth. Frogs 
were pithed, and most were examined within 48 
hr; a few were fixed in 20% formalin and pre¬ 
served in 70% EtOH. The mean snout—vent 
length (mm ± 1 SD) of the 43 froglets was 43.3 
± 6.8, range = 30-57 mm. The lungs, liver, gall 
bladder, stomach, small intestine, rectum, uri¬ 
nary bladder, abdominal cavity, mesentery, and 
musculature were examined. The helminths that 
were collected were processed using conven- 
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Table 1. Prevalence, mean intensity, mean abundance, and total number of helminths occurring in 43 
froglets of the northern leopard frog from Foggy Bottom Marsh, Michigan, during July-October 1997. 



Preva¬ 

lence 

Mean intensity 
± 1 SD (max.) 

Mean 
abundance 
±1 SD 

No. of 
helminths 
found 
(% of 

community) 

Location in hosti 

Digenea 








Clinostomum sp.* 

19 

2.5 ± 2.3 (7) 

0.46 

± 

1.4 

20 (1.5) 

US, LM 

Fibricola sp.* 

5 

5.0 ± 2.8 (7) 

0.23 

± 

1.2 

10 (0.75) 

LF 

Immature plagiorchid 

2 

1.0 

0.02 

± 

0.15 

1 (0.08) 

R 

Strigeid metacercariae* 

49 

22.3 ± 43.4 (160)± 

9.71 

± 

30.3+ 

378 (28.4)4: 

LM, EH, US, ESI, ME, LV, BC 

Unidentified metacercariae* 

7 

25.0 ± 23.0 (50) 

1.7 

± 

8.2 

75 (5.6) 

K 

Cestoda 








Mesocestoides sp.* 

9 

134.0 ± 153.1 (283) 

12.3 

± 

56.8 

536 (40.3) 

ME, ESI, EST. LV, LF, US, BC 

Nematoda 








Cosmocercoides dukae 

19 

2.1 ± 1.8 (6) 

0.4 

± 

0.1 

17 (1.2) 

SI, R 

Oswaldocruzia priceae 

33 

8.8 ± 12.6 (50) 

2.9 

± 

8.1 

123 (9.2) 

SI 

Raillientnema sp. 

7 

7.6 ± 9.8 (19) 

0.5 

± 

2.9 

23 (1.7) 

SI, R 

Rhabdias ranae 

26 

13.0 ± 15.8 (40) 

3.3 

± 

9.6 

143 (10.7) 

L 

Spiroxys sp.* 

5 

1.0 

0.05 

± 

0.21 

2 (0.15) 

EST ESI 

Immature larva* 

2 

1.0 

0.02 

± 

0.15 

1 (0.08) 

LM 


* Larval stage. 

t Location in host: US = under skin, LM = encysted in leg muscle, LF = free in leg muscle, R = rectum, EH = external 
surface of heart, ESI = external surface of small intestine, ME = mesentery, K = kidneys, BC = body cavity, LV = liver, EST 
= external surface of stomach, SI = small intestine, L = lungs. 

+ Values based on 17 infected froglets. 


tional techniques. Prevalence is the percentage 
of froglets infected, mean intensity is the mean 
number of parasites per infected froglet, and 
mean abundance is the mean number of para¬ 
sites per examined froglet. Strigeid metacercar- 
iae were not counted in 4 froglets; therefore, 
these strigeid numbers were not included in the 
calculations for mean intensity, mean abun¬ 
dance, and total mean helminth abundance. Val¬ 
ues are expressed as a mean ± 1 SD. Voucher 
specimens have been deposited in the United 
States National Parasite Collection, Beltsville, 
Maryland: Gorgodera amplicava (No. 88222), 
Cosmocercoides dukae (No. 88247), Oswaldo- 
cruzia priceae (No. 88223), and Rhabdias ranae 
(No. 88224). 

Twelve helminth taxa infected froglets of the 
northern leopard frog, including 4 larval trema- 
tode taxa (Table 1). The Clinostomum sp. was 
easily seen in a large cyst. The diplostomulum 
type metacercariae of Fibricola sp. was found 
free or enveloped by host tissue and was iden¬ 
tified by having oral and ventral suckers, the ab¬ 
sence of lateral pseudosuckers, a holdfast organ 
with a slitlike opening posterior to the ventral 
sucker, intestinal ceca enlarged, tegument with 


spines, and a small conical hindbody. Strigeid 
metacercariae were small and were identified by 
having oral and ventral suckers, a holdfast organ 
posterior to the ventral sucker, intestinal ceca not 
enlarged, and faintly seen spines. Over 150 stri¬ 
geid metacercariae were counted in the hindlimb 
of 1 froglet. The unidentified metacercariae had 
oral and ventral suckers, lacked a collar of 
spines around the oral sucker, and were found 
only in the kidneys. 

Larval cestode tetrathyridia had the highest 
mean intensity and mean abundance. These were 
identified by possessing a deeply invaginated 
and inverted unarmed scolex with 4 suckers, and 
the high tetrathyridia intensity in the present 
study is suggestive of Mesocestoides sp. More 
than 160 tetrathyridia were reported by McAl¬ 
lister and Conn (1990) from 1 leopard frog in 
New York. Four nematode genera, including im¬ 
mature R. ranae, occurred in the digestive tract. 
Of the helminths identified to genus, O. priceae 
had the highest prevalence. Our specimens of O. 
priceae were identified using the key in Ben Sli- 
mane and Durette-Desset (1997). The single 
adult leopard frog (snout-vent length = 76 mm) 
collected in September harbored 221 Mesoces- 
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Table 2. Summary of the parasites of Rana pipiens and their prevalences from Michigan. 


Parasite 

% Prevalence 

Reference 

Protozoa 

Nyctotherus cordiformis 

2 (1917), 22 (1919)t 

Fortner (1923) 

Octomitus intestinalis 

30 (1917), 48 (1919) 

Fortner (1923) 

Opalinia obtrigonoidea 

61 (1917), 80 (1919) 

Fortner (1923) 

Trypanosoma pipientis 

8 

Werner and Walewski (1976) 

Trypanosoma rana rum 

17 

Werner and Walewski (1976) 

Trypanosoma rotatorium 

71 

Werner and Walewski (1976) 

Digenea 

Alaria mustelac * 

t 

Olivier and Odlaug (1938) 

Atari a marcianae * 

i 

Cort (1917) 



Cort and Brooks (1928) 

Apharyngostrigea pipientis* 

:[: 

Hughes (1928) 

Cephalogonimus americanus 

20 

Najarian (1955) 

Cercaria elodes* 

+ 

Olivier (1942) 

Clinostomum attenuation* 

2 (1917) 

Fortner (1923) 

Clinostomum sp.* 

19$ 

This paper 

Diplostomum micradenum* 

-t 

Olivier (1940) 


t 

Cort and Brackett (1938) 

Echinoparyphiion flexion * 

42 

Najarian (1952) 


42 

Najarian (1953a) 


+ 

Najarian (1953b) 


50 

Najarian (1954) 

Fihricola sp.* 

5$ 

This paper 

Gorgodera amplicava 

iooii 

This paper 

Gorgodera attennata 

51 (1917), 38 (1919) 

Fortner (1923) 

Haematoloechus medioplexus 

i 

Krull (1930) 


± 

Krull (1931) 


5 (1917), 30 (1919) 

Fortner (1923) 

Haematoloechus similiplexus 

1 (1917), 0.9 (1919) 

Fortner (1923) 

Halipegits occiditalis 

<1 

Thomas (1939) 

Lechriorchis primus* 

i 

Talbot (1933) 

Megalodiscus temperatus 

30 (1917), 1 (1919) 

Fortner (1923) 


63 

Herber (1939) 

Immature plagiorchid 

2$ 

This paper 

Renifer sp.* 

20 

Najarian (1955) 

Strigeid metacercariae* 

49$ 

This paper 

Unidentified metacercariae* 

7$ 

This paper 

Cestoda 

Cylindrotaenia americana 

i 

Jewell (1916) 


$ 

Lawler (1939) 

Mesocestoides sp.* 

9§ 

This paper 

Proteocephalidae 

1 (1919) 

Fortner (1923) 

Nematoda 

Cosmocercoides dukae 

19$ 

This paper 

Oswaldocruzia priceae 

33$ 

This paper 

Oswaldocntzia sp. 

+ 

Ridgeway (1964) 

Raillientnema sp. 

7$ 

This paper 

Rhahdias ramie 

26$ 

This paper 

Spiroxys sp.* 

5$ 

This paper 

Immature larva* 

2$ 

This paper 


* Larval stage, 
t Prevalence (year of study). 

+ Present but prevalence not indicated. 

§ Prevalence calculated from 43 froglets. 
|| Found in 1 adult. 
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toides sp. (encysted in the liver, external surface 
of the stomach and small intestine, and free in 
the body cavity), 8 O. priceae (small intestine), 
4 R. ranae (lungs), and 3 G. amplicava (urinary 
bladder). 

Of the 38 (88%) froglets infected with >1 
helminths, 18 harbored 1 taxon, 7 harbored 2 
taxa, 7 harbored 3 taxa, 5 harbored 4 taxa, and 
1 harbored 6 taxa. The mean helminth species 
richness for all froglets was 1.8 ± 1.4 (range = 
0-6). A significant correlation existed between 
the number of helminth species and froglet 
length (Spearman’s correlation, r s = 0.69, P < 
0.01). Although not significant, helminth rich¬ 
ness values increased with each subsequent col¬ 
lection; they were (range, number of froglets ex¬ 
amined): for July 24, 0.6 ± 0.51 (0-1, 10); Au¬ 
gust 6, 1.5 ± 1.1 (0-4, 11); August 23, 1.7 ± 
0.8 (0-3, 11); September 17, 3.2 ± 1.6 (0-6, 9); 
and October 8, 3.5 ± 0.7 (0-4, 2). The total 
mean helminth abundances ± SE for the 34 in¬ 
fected froglets and for the 34 infected and 5 un¬ 
infected froglets were 39.1 ± 11.9 and 34.0 ± 
10.6, respectively. These values are higher than 
the total mean helminth abundances in young 
(15.3 ± 3.9) and juvenile (12.7 ± 2.5) leopard 
frogs reported by McAlpine (1997). 

By major parasite group, 536 (40%) cestodes, 
483 (36%) trematodes, and 309 (23%) nema¬ 
todes were recovered from the froglets. In our 
samples, larval digeneans were the first mem¬ 
bers of the helminth community to become es¬ 
tablished in froglets, along with O. priceae and 
Cosmocercoides dukae. Likewise, McAlpine 
(1997) reported larval Echinostoma trivolvis and 
Apharyngostrigea pipientis to first infect young 
leopard frogs. Mesocestoides sp. was the last 
helminth species to be recruited by froglets in 
the present study. 

Twenty-three studies including the present 
one have investigated some aspect of the para¬ 
sites of Michigan leopard frogs. However, the 
only study on parasites from the Upper Penin¬ 
sula is that of Werner and Walewski (1976), who 
investigated blood parasites. Ridgeway (1964) 
provided the most recent report on a helminth 
of Michigan leopard frogs. A total of 37 parasite 
taxa (6 Protozoa, 21 Trematoda, 3 Cestoda, and 
7 Nematoda) have been found in leopard frogs 
from Michigan (Table 2). Thirteen larval trem- 
atode taxa have been reported from Michigan 
leopard frogs. The literature reports concerning 
larval trematode taxonomy, systematics, specific 


sites found within this anuran species, measure¬ 
ments of larvae, and observable morphological 
variation are often confusing. Of the taxa iden¬ 
tified in the present study, Clinostomum sp. and 
Oswaldocruzia sp. are the only parasites to have 
been previously reported in this frog species in 
Michigan. The other 10 helminth taxa represent 
new host records in Michigan. 

Sessions and Ruth (1990) reported that meta- 
cercariae found in close proximity to deformed 
limbs caused the abnormalities seen in H. regilla 
and A. macrodactylum. They did not specify, 
however, the number of metacercariae present in 
the leg musculature of deformed amphibians. 
Sessions and Ruth (1990) concluded that the 
timing of infection was important for the devel¬ 
opment of abnormalities, which could explain 
why some infected amphibians lacked deformi¬ 
ties. These authors implanted inert resin beads 
in the developing hindlimb buds of laboratory- 
bred frogs and salamanders and produced the 
abnormalities seen in wild-caught amphibians. If 
the presence of metacercariae could cause a me¬ 
chanical disruption in limb development as sug¬ 
gested by Sessions and Ruth (1990), might it be 
possible, if their hypothesis is correct, that other 
larval helminths found within the musculature of 
the hindlimbs could cause deformities? Howev¬ 
er, although larval helminths commonly oc¬ 
curred within the muscles of the hindlimbs of 
the northern leopard frog in the present study, 
no limb abnormalities were seen in froglets. 

We thank W. E. Cooper, Michigan State Uni¬ 
versity, for allowing access to Foggy Bottom 
Marsh and for his assistance in collecting frogs; 
C. R. Peebles, Michigan State University, for 
help in nematode identification and review of 
the manuscript; D. B. Conn, Berry College, for 
sharing his thoughts on the identification of Me¬ 
socestoides tetrathyridia; A. D. Hernandez, K. 
A. Lehnert, G. M. Utter, and D. S. Hulefeld for 
help in collecting; and an anonymous reviewer, 
who provided literature on the taxonomy of Os¬ 
waldocruzia spp. 
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abstract: Twenty specimens each of the day geckos 
Rhoptropus afer and R. barnardi from Namibia, south¬ 
western Africa, were examined for helminths. Rhop¬ 
tropus afer harbored 4 species of nematodes, Maxva- 
chonia dimorpha, Parapharyngodon rotundus, Spau- 
ligodon peter si, and Physocephalus sp. Rhoptropus 
barnardi harbored 1 species of cestode, Oochoristica 
truncata, and 6 species of nematodes, Maxvachonia 
dimorpha, Parapharyngodon rotundatus, Spauligodon 
petersi, Physalopteroides impar, Thubunaea fitzsimon- 
si, and Physocephalus sp. Rhoptropus afer and R. bar¬ 
nardi represent new host records for these helminths. 

key words: Rhoptropus afer, Rhoptropus barnar¬ 
di, Gekkonidae, Nematoda, Maxvachonia dimorpha, 
Spauligodon petersi, Parapharyngodon rotundatus, 
Physalopteroides impar, Thubunaea fitzsimonsi, Phy¬ 
socephalus sp., Cestoda, Oochoristica truncata. 

The genus Rhoptropus is composed of 6 spe¬ 
cies of diurnal geckos endemic to arid and semi- 
arid zones of Namibia and southern Angola, Af¬ 
rica (Bauer and Good, 1996). There are no re¬ 
ports on helminths from any species of Rhoptro¬ 
pus. The purpose of this note is to report 
helminths from Rhoptropus afer Peters, 1869 
and R. barnardi Hewitt, 1926 from Namibia, Af¬ 
rica. Rhoptropus afer occurs in rocky desert 
from the Kuiseb River to southern Angola; R. 
barnardi inhabits semidesert environments and 
occurs inland in the western half of Namibia 
from Damaraland north to southern Angola 
(Branch, 1988). Rhoptropus afer occupies gran¬ 
ite outcrops surrounded by sandy substrates; rep¬ 
tile diversity is low in these areas, with almost 
no amphibians present. Rhoptropus barnardi 
was taken from boulders in areas ranging from 
semiarid savanna to arid basalt plains. 


4 Corresponding author. 


Twenty each of R. afer and R. barnardi from 
Namibia were borrowed from the California 
Academy of Sciences (CAS) for helminthologi¬ 
cal examinations. Rhoptropus afer specimens 
were collected by one of us (A.M.B.) in 1987 
(CAS 167677-167679, 167683, 167685, 13 km 
S of Cape Cross), 1989 (CAS 175396-175398, 
175400, 175401, 56 km N of Cape Cross), and 
1993 (CAS 193867-193876, 30 km N of Swak- 
opmund); mean (±SD) snout-vent length (SVL) 
= 44.3 ± 2.6 mm (range, 37-48 mm). Rhoptro¬ 
pus barnardi specimens were collected in 1987 
(CAS 167666, 167667, 63 km E of Kamanjab), 
1989 (CAS 175334-175337, 9 km S of Kaman¬ 
jab, CAS 175345, 175355, 175358, 175375, 6 
km W of Kamanjab, CAS 175385, 175386, 
175388, 175390, 175391, 21°50'S, 15°10'E) or 
1993 (CAS 193775, 193779, 193781-193783, 
Epupa Falls); SVL = 41.3 ± 1.9 mm (range, 
37-45 mm). 

The abdominal cavity was opened, and the 
esophagus, stomach, and small and large intes¬ 
tines were removed, slit longitudinally, and ex¬ 
amined under a dissecting microscope. The 
lungs, liver, and body cavity were also visually 
inspected for helminths. Each helminth, forma¬ 
lin-fixed in situ, was removed to a vial of 70% 
ethanol for a minumum of 48 hr and then 
cleared on a glass slide in undiluted gylcerol. 
Selected cestodes were washed in distilled water, 
stained with hematoxylin, and mounted on glass 
slides in balsam. Identifications were made from 
these preparations (glycerol or balsam) utilizing 
a compound microscope. Prevalence, mean in¬ 
tensity, mean abundance, and locations are given 
in Table 1. Terminology is in accordance with 
Bush et al. (1997). 

Rhoptropus afer harbored 4 species of nema- 
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Table 1. Helminths from Rhoptropus afer (n = 20) and R. barnardi (n = 20) from Namibia, southwestern 
Africa. 


Host 

Helminth 


Intensity 


Abundance 
(x ± SD) 

Location 

(%) 

.v ± SD 

Range 

Rhoptropus afer 






Maxvachonia dimorpha 

10 

1.0 


0.10 ± 0.31 

small intestine 

Parapharyngodon rotundatus 

15 

2.0 ± 1.7 

1-4 

0.30 ± 0.92 

large intestine 

Spauligodon petersi 

25 

7.4 ± 5.0 

2-12 

1.85 ± 4.00 

large intestine 

Physocephalus sp. (encysted larvae) 

20 

13.5 ± 17.4 

1-39 

2.70 ± 8.86 

peritoneal surfaces 

Rhoptropus barnardi 






Oochoristica truncata 

5 

1.0 


0.05 ± 0.22 

small intestine 

Maxvachonia dimorpha 

5 

1.0 


0.05 ± 0.22 

small intestine 

Parapharyngodon rotundatus 

15 

3.3 ± 4.0 

1-8 

0.50 ± 79 

large intestine 

Spauligodon petersi 

30 

4.0 ± 2.4 

1-8 

1.20 ± 2.26 

large intestine 

Physalopteroides impar 

15 

1.0 


0.15 ± 0.37 

stomach 

Thubunaea fitzsimonsi 

10 

2.0 ± 1.4 

1-3 

0.20 ± 0.70 

stomach 

Physocephalus sp. (encysted larvae) 

to 

4.5 ± 5.0 

1-8 

0.45 ± 1.79 

peritoneal surfaces 


todes: Maxvachonia dimorpha Chabaud and 
Brygoo, 1960, Parapharyngodon rotundatus 
(Malan, 1939), Spauligodon petersi Bursey, Mc¬ 
Allister and Freed, 1997, and Physocephalus sp. 
(larvae in cysts); R. barnardi harbored 1 species 
of cestode, Oochoristica truncata Zschokke, 
1905, and 6 species of nematodes, M. dimorpha, 
P. rotundatus, S. petersi, Physalopteroides im- 
par (Malan, 1939), Thubunaea fitzsimonsi (Ort- 
lepp, 1931), and Physocephalus sp. (larvae in 
cysts). Selected helminths were placed in vials 
of 70% ethanol and deposited in the U.S. Na¬ 
tional Parasite Collection (USNPC), Beltsville, 
Maryland: R. afer. M. dimorpha (USNPC 
87604), P. rotundatus (USNPC 87605), S. pe¬ 
tersi (USNPC 87606), and Physocephalus sp. 
(larvae) (USNPC 87607); R. barnardi : O. trun¬ 
cata (USNPC 87608), M. dimorpha (USNPC 
87609), P. rotundatus (USNPC 87610), S. pe¬ 
tersi (USNPC 87611), P. impar (USNPC 
87612), T. fitzsimonsi (USNPC 87613), and Phy¬ 
socephalus sp. (larvae) (USNPC 87614). 

Oochoristica truncata (Linstowiidae) is prob¬ 
ably the most common tapeworm of reptiles in 
Africa. It has been recorded from sub-Saharan 
reptiles such as the lizards Agama aculeata, A. 
hispida, and A. planiceps (Agamidae), Chamae- 
leo namaquensis (Chamaeleonidae), Meroles 
knoxii (Lacertidae) (Malan, 1939; Prudhoe and 
Harris, 1971; Heideman, 1991) and the snake 
Psammophis sibilans (Colubridae) (Fantham and 
Porter (1950). Rhoptropus is a new host genus 
for O. truncata. 

Maxvachonia dimorpha (Cosmocercoidea) 


was described from the chameleon Furcifer par- 
dalis from Madagascar (Chabaud and Brygoo, 
1960) and has been reported from other Mada¬ 
gascan lizards, namely F. oustaleti, Zonosaurus 
maximus, and Mabuya gravenhorstii (Chabaud 
et al., 1964; Caballero, 1968). Here, we report 
the first 2 host records for this nematode from 
the African continent. 

Parapharyngodon rotundatus (Oxyuroidea) 
was originally described as Thelandros rotundus 
based upon a large number of female and 15 
male specimens from A. atra and Pseudocor- 
dylus microlepidotus collected in South Africa 
(Malan, 1939). Freitas (1957), in a revision of 
the genus Thelandros, moved the species to the 
genus Parapharyngodon. Rhoptropus afer and 
R. barnardi are the third and fourth lizard spe¬ 
cies reported to harbor P. rotundatus. 

Spauligodon petersi (Oxyuroidea) was recent¬ 
ly described from 45 female and 10 male spec¬ 
imens taken from 2 Mabuya sulcata collected in 
Springbok, Northern Cape Province, South Af¬ 
rica (Bursey et al., 1997). Rhoptropus afer and 
R. barnardi are the second and third species re¬ 
ported to harbor S. petersi. 

Physalopteroides impar (Physalopteroidea) 
was originally described as Thubunaea impar on 
the basis of 24 female and 11 male specimens 
obtained from the stomach of 1 Cordylus cor- 
dylus collected at Wellington, South Africa; 2 
immature individuals were found in the stomach 
of 1 A. atra (Malan, 1939). Chabaud and Bry¬ 
goo (1960) revised the genus Thubunaea, mov¬ 
ing T. impar to the genus Physalopteroides. Ca- 
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ballero (1968) subsequently described a subspe¬ 
cies of P. impar, P. i. minor, taken from 1 Ly- 
godactylus verticillatus, 1 M. comorensis, and 3 
Cryptoblepharus boutonii collected on Europa 
Island, Madagascar. Rhoptropus barnardi is the 
sixth species of lizard reported to harbor P. im¬ 
par. 

Thubunaea fitzsimonsi (Physalopteroidea) was 
originally described from 15 female and 2 male 
specimens obtained from the stomach of 1 Ich- 
notropis squamulosa collected in the Damara 
Pan, Botswana (Ortlepp, 1931). Rhoptropus bar¬ 
nardi is the second species of lizard reported to 
harbor T. fitzsimonsi. 

Encapsulated infective larvae of Physoceph- 
alus sp. commonly occur in the tissues of am¬ 
phibians, reptiles, birds, and mammals (Ander¬ 
son, 1992). The extent of infection of South Af¬ 
rican species is apparently unknown; however, 
Malan (1939) reported encysted unidentified lar¬ 
vae from the stomach wall of A. atra. 

Currently, the life cycles of these helminths 
are unknown, although some assumptions can be 
made: M. dimorpha, P. rotundatus, and S. pe- 
tersi infect a host directly, and O. truncata, P. 
impar, T. fitzsimonsi, and Physocephalus sp. re¬ 
quire an insect intermediate host. Maxvachonia 
dimorpha and P. impar have been reported from 
Madagascar and the African continent, but the 
other helminths found in this study are only 
known from continental Africa. The lizards pre¬ 
viously noted as hosts were mostly arid zone 
reptiles, but whereas some of the lizards were 
restricted to particular arid regions (Namib for 
Rhoptropus, Kalahari for Ichnotropis squamu¬ 
losa, Karoo for many “Cape” lizards), the hel¬ 
minths show no such barriers. The presence of 
some of the same helminth species in phyloge- 
netically, ecologically, and geographically di¬ 
verse lizards may suggest they are ubiquitous, 
or nearly so, in insectivorous lizards of the Af¬ 
rican subcontinent. However, more work will be 
required to understand which reptiles are capa¬ 
ble of harboring these helminths. 

We thank the Ministry of Environment and 
Tourism of Namibia for permission to collect 
Rhoptropus afer and R. barnardi and Jens V. 
Vindum (Department of Herpetology, California 


Academy of Sciences) for permission to exam¬ 
ine them for helminths. 
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abstract: Based on the study of the type material 
and additional specimens collected by the authors from 
the type host, the carangid fish Oligoplites palometa 
(Cuvier, 1833), collected from the type locality, the 
coastal zone of the State of Rio de Janeiro, Brazil, the 
allodiscocotylid Metacamopia oligoplites Takemoto, 
Amato, and Luque, 1996, is considered a junior syn¬ 
onym of Metacamopiella euzeti Kohn, Santos, and Le¬ 
bedev, 1996. 

key words: Monogenea, Allodiscocotylidae, Me¬ 
tacamopiella euzeti, Metacamopia oligoplites, Oligo¬ 
plites palometa, Trachinotus carolinus, Carangidae, 
Brazil. 

Takemoto et al. (1996) described Metacamo¬ 
pia oligoplites using specimens collected from 
Oligoplites palometa, O. saliens, and O. saurus 
from the coastal zone of the State of Rio de Ja¬ 
neiro, Brazil, and emended the original diagno¬ 
sis of Metacamopia Lebedev, 1972. During a 
parasitological survey of carangid fishes con¬ 
ducted between March and October 1997, 38 
specimens of O. palometa (Cuvier, 1833) were 
examined from the coastal zone of the State of 
Rio de Janeiro, Brazil (21-23°S, 41-45°W). The 
fish were identified according to Menezes and 
Figueiredo (1980). Numerous monogeneans 
were collected, including some that were similar 
to those described by Takemoto et al. (1996). 
The monogeneans were fixed and preserved in 
5% formalin, stained with Gomori’s trichromic, 
and mounted in Canada balsam. Measurements 
are in micrometers unless otherwise indicated; 
the ranges are followed by the mean in paren¬ 
theses. Voucher specimens were deposited in the 
Colegao Helmintologica do Instituto Oswaldo 
Cruz (6 voucher specimens, CHIOC No. 
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33958a-f), Rio de Janeiro, Brazil, and in the 
United States National Parasite Collection (5 
voucher specimens, USNPC No. 88110), Belts- 
ville, Maryland, U.S.A. In addition, the follow¬ 
ing material was examined: M. oligoplites Ta¬ 
kemoto, Amato, and Luque, 1996 (holotype, 
CHIOC No. 33623a, 9 paratypes, CHIOC No. 
33623b, c, 33624, and 33625; USNPC No. 
85411-85414); Metacamopiella euzeti Kohn, 
Santos, and Lebedev, 1996 (holotype, CHIOC 
No. 33059, paratypes, CHIOC No. 30060a, 
30062a). 

Measurements based on 17 whole-mounted 
specimens: total length 3.26—6.52 (4.64) mm; 
maximum width 0.72-1.45 (0.93) mm; anterior 
region 1.45-3.26 (2.05) mm long; middle region 
0.54-1.08 (0.78) mm long; posterior region 
0.72-2.77 (1.72) mm long; haptor 0.32-1.90 
(0.79) mm long. Buccal organs 43-70 (53) long, 
32-65 (44) wide. Pharynx 49-59 (53) long, 38- 
65 (49) wide. Esophagus 162-432 (291, n = 15) 
long. Testes 26—46 (37, n = 8) in number, lb- 
27 (23, n = 8) in diameter. Copulatory organ 
356-702 (451, n — 15) long. Germarium 243- 
486 (293, n = 10) long, 65-135 (81, n = 10) 
wide. Vaginal ducts 243-529 (283, n = 12) long. 
Seminal receptacles 162-432 (242, n = 14) 
long. Eggs 270-540 (459, n = 6) long, 48-59 
(55, n = 6) wide. 

Kohn et al. (1996) placed Metacamopiella in 
Allodiscocotylidae because of the presence of 
ventrolateral vaginal pores, vaginal ducts lack¬ 
ing sclerotized structures, and by the presence 
or absence of a row of internal papillalike thick¬ 
enings in the vaginal ducts. The type species M. 
euzeti Kohn, Santos, and Lebedev, 1996, is par¬ 
asitic on the carangid Trachinotus carolinus 
from Rio de Janeiro, Brazil. Type material of M. 
oligoplites examined agreed in all major respects 
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with the characteristics of Metacamopiella 
above; therefore, a new synonym of M. euzeti 
Kohn, Santos, and Lebedev, 1996, is proposed. 
The examination of type material of M. oligo- 
plites allowed comparisons with the original de¬ 
scription and illustrations by Takemoto et al. 
(1996) to be made: (1) the papillalike structures 
in the vaginal ducts were not described, and (2) 
the description and illustration of the midsclerite 
of the clamp were incomplete. Observation of 
the paratype illustrated by Takemoto et al. 
(1996) showed that the midsclerite bifurcates at 
their extremities and is not bifurcated only in the 
anterior extremity as illustrated by these authors. 

Metacamopia Lebedev, 1972 is characterized 
by the presence of sclerotized structures in the 
vaginal ducts. Because the specimens described 
by Takemoto et al. (1996) did not show this 
character, the authors emended the diagnosis of 
Metacamopia to accommodate their specimens, 
including in this genus the species with or with¬ 
out sclerotized structures in the vaginal ducts. 
This emended diagnosis is not valid, because it 
was based on insufficiently studied material. As 
mentioned above, the specimens described in 
Takemoto et al. (1996) do not have sclerotized 
structures in the vaginal duct but have papilla¬ 
like thickened structures, as in Metacamopiella. 
Also, the position of the vagina (ventral, as in 
Metacamopiella) annotated by Takemoto et al. 
(1996) does not correspond to the original di¬ 


agnosis (dorsolateral) of Metacamopia made by 
Lebedev (1972). 

Thanks are due to Dr. J. Ralph Lichtenfels 
(USNPC) and Dr. Dely Noronha (CHIOC) for 
loan of type material of M. oligoplites and M. 
euzeti. We are also grateful to the Conselho Na- 
cional de Desenvolvimento Cientifico e Tecno- 
logico (CNPq) and the Fundagao de Amparo a 
Pesquisa do Estado do Rio de Janeiro (FAPERJ) 
for their support. 
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abstract: Histochemical and ultrastructural studies 
were conducted on metacercarial cysts of the crypto- 
gonimid trematode Cryptogonimus chyli from the skel¬ 
etal muscles of the fantail darter Etheostoma flabellare. 
Metacercarial cysts were composed of an outer host 
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capsule and an inner parasite cyst. The host capsule 
contained an outer region of fibrocytes, collagen, and 
lymphocytes and a thin inner layer. The parasite cyst 
was a uniformly thin and homogeneous layer. The host 
capsule stained strongly for connective tissues and pro¬ 
tein and moderately for lipids, nucleic acids, nonspe¬ 
cific esterase activity, and acid and alkaline phospha¬ 
tase activities. The parasite cyst stained intensely for 
acid mucopolysaccharides and moderately for neutral 
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mucopolysaccharides and proteins. Although the meta- 
cercarial cysts of the related cryptogonimid, Bolbo- 
gonotylus corkumi, are also located in the muscle tis¬ 
sue of fantail darters, differences are apparent in the 
host and parasite response. 

key words: Bolbogonotylus corkumi, electron mi¬ 
croscopy, glycocalyx, mitochondria, fantail darter, fi- 
brocyte. 

Adults of Cryptogonimus chyli Osborn, 1903 
are intestinal parasites of several North Ameri¬ 
can fish species (Hoffman, 1967; Margolis and 
Arthur, 1979; Font, 1987). Small fish serve as 
second intermediate hosts, and several species of 
darters (Font, 1987) harbored the parasite at our 
collection site in O’Neil Creek near Eagleton, 
Chippewa County, Wisconsin (91°45'00"N, 
44°95'00"W). In this study, metacercariae were 
obtained from fantail darters, Etheostoma fla- 
bellare Rafinesque. 

There have been a number of ultrastructural 
studies on the metacercarial cysts of digenetic 
trematodes from fishes (Sogandares-Bernal and 
Lumsden, 1964; Stein and Lumsden, 1971; 
Mitchell, 1974; Higgins et al., 1977; Halton and 
Johnston, 1982; So and Wittrock, 1982; Wit- 
trock et al., 1991). Walker and Wittrock (1992) 
were the first to describe the metacercarial cyst 
of a member of the Cryptogonimidae in their 
study of Bolbogonotylus corkumi Font, 1987. 
The host used as the source of metacercariae for 
B. corkumi was also the fantail darter. Here, we 
describe the composition of the metacercarial 
cyst of C. chyli and compare our findings with 
what was previously described for the metacer¬ 
carial cyst of B. corkumi. 

The collection and processing of parasites and 
host tissues for histochemistry and transmission 
electron microscopy were as described by Walk¬ 
er and Wittrock (1992). Many of the fantail dart¬ 
ers were infected with hundreds of C. chyli 
metacercariae. Whereas the metacercariae of B. 
corkumi were encysted only in skeletal muscle 
tissue, C. chyli metacercariae were distributed 
throughout a number of organs, including adi¬ 
pose and connective tissue, kidney, liver, and 
skeletal muscle. However, the majority of cysts 
were located within the muscle tissue. For sub¬ 
sequent comparisons of C. chyli with B. corku¬ 
mi, the results of this study pertain only to those 
metacercariae encysted within skeletal muscle. 
Voucher specimens of B. corkumi (HWML 
39821) and C. chyli (HWML 39820) were de¬ 


posited in the Harold W. Manter Laboratory of 
Parasitology at the University of Nebraska State 
Museum. 

Fifteen metacercarial cysts averaged 113 by 
123 |xm in diameter. The cyst wall varied in 
thickness from 2.0 to 9.2 |xm (x = 3.2 |xm). The 
cyst wall consisted of an outer host capsule and 
an inner cyst of parasite origin (Fig. 1). The host 
capsule stained intensely with Gombri trichrome 
and Poliak rapid trichrome, indicating the pres¬ 
ence of collagenous connective tissue. This layer 
was also strongly reactive with mercuric brom- 
phenol blue and Sudan black B and moderately 
reactive with oil red O and azure B, suggesting 
the presence of a lipoprotein component. The 
parasite cyst stained moderately with the peri¬ 
odic acid-Schiff test (PAS) and intensely with 
alcian blue (pH 2.5), indicating the presence of 
both neutral and acid mucopolysaccharides. This 
layer also stained moderately with bromphenol 
blue, suggesting the presence of proteinaceous 
material. 

The outer host capsule contained fibrocytes, 
unidentified cells, and scattered patches of col¬ 
lagen, which demonstrated its typical periodicity 
(Figs. 2, 3). Large numbers of fibrocytes but 
only an occasional lymphocyte were observed in 
the outer host capsule (Fig. 4). Numerous mi¬ 
tochondria, presumably from degenerating cells, 
were distributed throughout the entire host cap¬ 
sule (Fig. 1). The inner host capsule was often 
separated from both the outer host capsule and 
the parasite cyst (Fig. 3). This portion of the host 
capsule contained a row of oblong, lightly 
stained spheres that rested upon a thin electron- 
dense layer (Fig. 2). The parasite cyst was very 
uniform in size and structure with a thickness of 
<1 |xm (Fig. 3). Similar to the inner host cap¬ 
sule, the outer parasite cyst consisted of a thin 
electron-dense layer that was more dense than 
that of the inner host capsule (Fig. 3). The major 
portion of the parasite cyst was composed of a 
homogeneous, light-staining material (Figs. 1, 
3). Sloughed debris and glycocalyx were present 
between the parasite cyst and tegument (Figs. 1, 
3). 

Metacercarial cysts of C. chyli and B. corkumi 
were compared from fantail darter skeletal mus¬ 
cle. Although the cyst composition in these 2 
species was similar, there were a number of dif¬ 
ferences. The host capsule was much thinner in 
C. chyli, particularly the zone of compacted, de¬ 
generative cells within the inner host capsule. 
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Figures 1-4. Transmission electron micrographs of the metacercarial cyst wall of Cryptogonimus chyli. 
1. Tegument (T) enclosed by thin, lightly stained parasite cyst (PC). Note glycocalyx (G) between the 
tegument and parasite cyst. Lightly stained material and some cell debris, such as mitochondria (M), form 
the inner host capsule (IHC). Unidentified and degenerative cells form the outer host capsule (OHC). 2. 
An apparent lipid layer (L) occurs at the inner boundary of the inner host capsule. Note the fibrocyte (F) 
within the outer host capsule. Cell junctions (CJ) occur irregularly throughout the outer host capsule. 3. 
Collagen (C) is occasionally scattered throughout the outer zone of the outer host capsule. Note separation 
of the inner host capsule from both the parasite cyst and outer host capsule. 4. Lymphocyte (LE) and 
collagen (C) on external margins of the outer host capsule. 
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The spheres of the inner host capsule in B. cork¬ 
umi occurred in a multiple rather than a single 
layer, as observed in C. chyli (Walker and Wit- 
trock, 1992). These spheres were tentatively 
identified as lipid droplets because of their phys¬ 
ical appearance and the positive reaction of oil 
red O and Sudan black B in this region. In B. 
corkumi, the dense layer of cells compacted 
against the parasite cyst probably prevented the 
host layers from separating. The lack of a dense 
inner host capsule in C. chyli probably allowed 
separation of the host layers. This detachment 
may be occurring, however, only after process¬ 
ing of tissues. Nevertheless, these results suggest 
a higher degree of structural rigidity or com¬ 
pactness of the B. corkumi cyst. 

In B. corkumi, granulocytes, probably func¬ 
tioning as macrophages, were occasionally ob¬ 
served in the outer host capsule, whereas only 
an occasional lymphocyte was identified in C. 
chyli. For both species, many cysts were studied 
from several darters, but relatively few granu¬ 
locytes were observed at the ultrastructural lev¬ 
el. However, metacercarial cysts of both species 
stained with moderate intensity for acid and al¬ 
kaline phosphatase activities and for nonspecific 
esterase activity. Macrophages demonstrate all 3 
enzyme activities (Pearsall and Weiser, 1970; 
Vemon-Roberts, 1972; Ross and Reith, 1985). 
In teleosts, granulocytes stain positively for both 
alkaline and acid phosphatases (Hine, 1992). 
Therefore, the host’s immune response probably 
is directing phagocytic activity against the cysts, 
but at the ultrastructural level t is difficult to 
observe macrophages, much less ascertain the 
intensity of macrophage infiltration. Moreover, 
the lack of identified granulocytes in our ultra 
structural observations of C. chyli may result 
from the host directing phagocytic activity 
against the much larger cyst of B. corkumi. This 
granulocytic activity in B. corkumi could cer¬ 
tainly be the result of its larger cyst size and the 
much greater quantities of fibrocytes and cell de¬ 
bris. 

Many more fibrocytes and collagen fibers 
were observed in the host capsule of B. corkumi 
than in C. chyli in all the cysts studied. Addi¬ 
tionally, an increased staining reaction for the 
Gomori and Poliak stains implies greater depos¬ 
its of collagenous connective tissue in B. cork¬ 
umi. This finding suggests differential host re¬ 
sponses to B. corkumi and C. chyli even though 
they are closely related species. 


Another apparent difference between the 2 
cryptogonimids is the relatively small amount of 
glycocalyx covering the tegument of C. chyli as 
compared with the thick layer of glycocalyx en¬ 
compassing B. corkumi (Walker and Wittrock, 
1992). The glycocalyx, which is an acid muco¬ 
polysaccharide and stains with both alcian blue 
and PAS, is commonly observed surrounding 
the encysted trematode. Numerous cysts of both 
species were observed, and relatively little ma¬ 
terial stained between the tegument and parasite 
cyst of C. chyli as compared with B. corkumi. 
Lumsden (1975) hypothesized that the glycoca¬ 
lyx, in one of its properties, plays a protective 
role against the host immune response. The 
question is whether the reduced host activity is 
in response to the lower levels of glycocalyx se¬ 
creted by C. chyli or whether because of a weak 
host response, less glycocalyx is needed to pro¬ 
tect the parasite from its host. Moreover, could 
the apparently weaker host response be simply 
related to the much smaller size of the C. chyli 
cysts, because less damage would occur with 
these metacercariae? These are difficult ques¬ 
tions to answer without more detailed studies of 
host responses to encysted parasites. 

This study demonstrates that, as has been not¬ 
ed by others, one should not generalize too 
much on the structure and chemical composition 
of metacercarial cysts (Huffman, 1987; Wittrock 
et al., 1991). Even between closely related spe¬ 
cies infecting the same host in identical tissue, 
there are differences in both the host and the 
parasite responses. 

Literature Cited 

Font, W. F. 1987. Partial life cycle and fish hosts of 
Bolbogonotylus corkumi gen et sp. n. and Cryp- 
togonimus chyli (Digenea: Cryptogonimidae) in 
Wisconsin. Proceedings of the Helminthological 
Society of Washington 54:191-196. 

Halton, D. W., and B. R. Johnston. 1982. Functional 
morphology of the metacercarial cyst of Buce- 
pluiloides gracilescens (Trematoda: Bucephali- 
dae). Parasitology 85:45-52. 

Higgins, J. C., D. E. Wright, and R. A. Matthews. 
1977. The ultrastructure and histochemistry of the 
cyst wall of Bucephalus haimeanus (Lacaze-Du- 
thiers, 1854). Parasitology 75:207-214. 

Hine, P. M. 1992. The granulocytes of fish. Fish and 
Shellfish Immunology 2:79-98. 

Hoffman, G. L. 1967. Parasites of North American 
Freshwater Fishes. University of California Press, 
Berkeley. 486 pp. 

Huffman, J. E. 1987. Structure and composition of 
the metacercarial cyst wall of Sphaeridiotrema 


Copyright © 2011, The Helminthological Society of Washington 




86 


JOURNAL OF THE HELMINTHOLOGICAL SOCIETY OF WASHINGTON, 66(1), JANUARY 1999 


globulus (Trematoda). International Journal of 
Parasitology 16:647-654. 

Lumsden, R. D. 1975. Surface ultrastructure and cy¬ 
tochemistry of parasitic helminths. Experimental 
Parasitology 37:267-339. 

Margolis, L., and J. R. Arthur. 1979. Synopsis of 
the Parasites of Fishes of Canada. Fisheries Re¬ 
search Board of Canada Bulletin 199, Ottawa. 

Mitchell, C. W. 1974. Ultrastructure of the metacer- 
carial cyst of Posthodiplostomum minimum 
(MacCallum, 1921). Journal of Parasitology 60: 
67-74. 

Pearsall, N. N., and R. S. Weiser. 1970. The Mac¬ 
rophage. Lea and Febiger, Philadelphia. 204 pp. 

Ross, M. H., and E. J. Reith. 1985. Histology. Harper 
and Row, New York. 766 pp. 

So, F. W., and D. D. Wittrock. 1982. Ultrastructure 
of the metacercarial cyst of Ornithodiplostomum 
ptychocheilus (Trematoda: Diplostomatidae) from 
the brains of fathead minnows. Transactions of the 
American Microscopical Society 101:181-185. 


Sogandares-Bernal, F., and R. D. Lumsden. 1964. 
The heterophyid trematode Ascocotyle ( A .) leighi 
Burton, 1956, from the hearts of certain poeciliid 
and cypridont fishes. Zeitschrift fur Parasitenkun- 
de 24:3-12. 

Stein, P. C., and R. D. Lumsden. 1971. An ultrastruc- 
tural and cytochemical study of the metacercarial 
cyst development in Ascocotyle pachycystis 
Schroeder and Leigh, 1965. Journal of Parasitol¬ 
ogy 57:1231-1246. 

Vernon-Roberts, B. 1972. The Macrophage. Cam¬ 
bridge University Press, Cambridge, U.K. 242 pp. 

Walker, D. J., and D. D. Wittrock. 1992. Histochem¬ 
istry and ultrastructure of the metacercarial cyst 
of Bolbogonotylus corkumi (Trematoda: Crypto- 
gonimidae). Journal of Parasitology 78:725-730. 

Wittrock, D. D., C. S. Bruce, and A. D. Johnson. 
.1991. Histochemistry and ultrastructure of the 
metacercarial cysts of blackspot trematodes Uvu- 
lifer ambloplitis and Neascus pyriformis. Journal 
of Parasitology 77:454-460. 


J. Helminthol. Soc. Wash. 

66(1), 1999 pp. 86-89 

Research Note 

Distribution and Prevalence of Alloglossoides caridicola (Trematoda: 
Macroderoididae), a Parasite of the Crayfish Procambarus acutus 
Within the State of Louisiana, U.S.A., and into Adjoining States 

Hugh M. Turner 

Department of Biological and Environmental Sciences, McNeese State University, Lake Charles, Louisiana 
70609 


abstract: A survey of 765 crayfish conducted dur¬ 
ing April and May 1998 indicated that Alloglossoides 
caridicola infected the antennal glands of Procamba¬ 
rus acutus from a variety of habitats within Louisiana, 
north of the coastal marsh region. Infections were ab¬ 
sent from crayfish collected in the prairie region of 
southwestern Louisiana but extended into eastern Tex¬ 
as, southern Arkansas, and southwestern Mississippi. 
Prevalence of infection was 0% at 22 localities but 
ranged from 5.6% to 100% at 23 localities. 

KEY words: Trematoda, Macroderoididae, Allo¬ 
glossoides caridicola, distribution, prevalence, cray¬ 
fish, Procambarus acutus, Louisiana, Texas, Arkansas, 
Mississippi. 

Alloglossoides caridicola was described by 
Corkum and Turner (1977) from the antennal 
glands of crayfish, Procambarus acutus (Girard, 
1852), collected near Rosedale, Louisiana. Al¬ 
though its life cycle is unknown, A. caridicola 


is unusual in that it attains sexual maturity and 
reproduces in an invertebrate. No other hosts 
have been reported for the worm, nor has it been 
reported from other localities. 

In April and May 1998, I undertook a survey 
of the distribution and prevalence of A. caridi¬ 
cola within Louisiana and the contiguous border 
areas of adjoining states (eastern Texas, southern 
Arkansas, and southwestern Mississippi, 
U.S.A.). Crayfish were taken by dip net from 45 
localities (Table 1) representing a variety of 
aquatic habitats and were identified according to 
descriptions in Hobbs (1972, 1981). Paired an¬ 
tennal glands of 668 P. acutus and 97 P. clarkii 
(Girard, 1852) were removed, dissected under a 
stereomicroscope, and examined for presence of 
worms. Representative voucher specimens of A. 
caridicola from 23 localities were fixed in hot 
alcohol-formalin-acetic acid, stained in Semi- 
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Table 1. Prevalence of Alloglossoides caridicola infection in Procambarus acutus from localities in Loui¬ 
siana, Texas, Arkansas, and Mississippi, U.S.A. 


Collection 

site 

Collection 

date 

% Prevalence 

USNPC 

No. 

Louisiana: 

Roadside ditch 3.2 km N of Crowley 

7 Apr 

0/18 (0) 

— 

Roadside ditch 6.9 km ENE of Eunice 

7 Apr 

0/15 (0) 

— 

Roadside ditch 3.7 km NE of Ville Platte 

7 Apr 

0/5 (0) 

— 

Stream crossing highway 1-49 near 44-mi marker 

7 Apr 

0/16 (0) 

— 

Roadside ditch 21.7 km NW of Bunkie 

7 Apr 

0/3 (0) 

— 

Roadside ditch 10.6 km SW of Jonesville 

7 Apr 

0/12 (0) 

— 

Roadside ditch 13.2 km ESE of Jonesville 

7 Apr 

9/14 (64.3) 

88116 

Roadside ditch 9.2 km W of Franklin 

8 Apr 

0/17 (0) 

— 

Roadside ditch 5.8 km W of Amite 

8 Apr 

1/12 (8.3) 

88117 

Roadside ditch 19 km WNW of Montpelier 

8 Apr 

0/16 (0) 

— 

Roadside ditch 13.5 km E of Opelousas 

8 Apr 

1/16 (6.3) 

88118 

Roadside ditch 5.3 km W of Opelousas 

8 Apr 

0/10 (0) 

— 

Roadside ditch 11.9 km SSW of Lawtell 

8 Apr 

0/7 (0) 

— 

Crayfish pond 7 km S of Henderson 

13 Apr 

0/27 (()> 

— 

Roadside swamp 13.5 km NW of DeQuincy 

24 Apr 

3/13 (23.1) 

881 19 

Roadside ditch 4.8 km NNE of Bancroft 

24 Apr 

2/5 (40) 

88120 

Roadside swamp 3.9 km N of Merryville 

24 Apr 

4/5 (80) 

88121 

Roadside stream 13.8 km NNW of Kitsatchic 

24 Apr 

21/25 (84) 

88122 

Roadside swamp 3.8 km WSW of Starks 

25 Apr 

0/25 (0) 

— 

Roadside swamp 3.9 km NE of New Roads 

2 May 

15/29 (51.7) 

88123 

Roadside ditch 5.1 km S of Varnado 

2 May 

0/9 (0) 

— 

Roadside swamp 5.8 km S of Converse 

18 May 

21/29 (72.4) 

88124 

Roadside ditch 3.5 km SW of Edgefield 

18 May 

12/15 (80) 

88125 

Roadside swamp 3.7 km ENE of Summerficld 

18 May 

0/28 (0) 

— 

Roadside ditch 0.8 km S of Monroe 

19 May 

1/1 (100) 

88126 

Roadside ditch 0.1 km S of Eros 

19 May 

3/9 (33.3) 

88127 

Roadside swamp 12.2 km SE of Montgomery 

19 May 

6/25 (24) 

88128 

Roadside swamp 9.6 km SSE of Colfax 

19 May 

4/6 (66.6) 

88129 

Roadside ditch 2.8 km S of Hineston 

19 May 

1/2 (50) 

881 30 

Roadside ditch 19.6 km SSW of Oakdale 

19 May 

0/6 (0) 

— 

Roadside ditch 3 km ENE Rosedale 

27 May 

22/34 (64.7) 

88131 

Texas: 

Roadside swamp 4.8 km W of Milam 

25 Apr 

18/18 (100) 

88132 

White Oak Creek 13.7 km SSW of Newton 

25 Apr 

1/14 (7.1) 

88133 

Roadside ditch 49 km S Newton 

25 Apr 

0/8 (0) 

— 

Arkansas: 

Roadside swamp 12.8 km SW of Calion 

18 May 

0/26 (0) 

— 

Roadside ditch 14.6 km NNE of Calion 

18 May 

1/18 (5.6) 

88134 

Roadside ditch 3.4 km W of Warren 

18 May 

18/25 (72) 

881 35 

Roadside ditch 13 km ESE of Hamburg 

18 May 

5/9 (55.6) 

88136 

Mississippi: 

Roadside ditch 14.9 km SSW of Lumberton 

8 Apr 

0/7 (0) 

— 

Roadside ditch 8.9 km SW of Poplarville 

8 Apr 

0/21 (0) 

— 

Stream crossing road 12.5 km W of Woodville 

2 May 

0/22 (0) 

— 

Roadside swamp 9.3 km WNW of Liberty 

2 May 

0/1 1 (0) 

— 

East Fork of Amite River 10.8 km SE of Liberty 

2 May 

4/13 (30.8) 

88137 

Roadside ditch 12.2 km WSW of Magnolia 

2 May 

1/12 (8.3) 

88138 

Roadside ditch 0.8 km SSW of Sandy Hook 

2 May 

0/10 (0) 

— 


chon’s acetocarmine, and mounted in Permount® 
for deposit in the United States National Parasite 
Collection (USNPC), Beltsville, Maryland. 
According to Penn (1959), P. acutus was 


ubiquitous in habitat and had the widest distri¬ 
bution of any crayfish species in Louisiana. Only 
P. clarkii rivaled that record, having been re¬ 
ported from slightly fewer parishes. Penn (1959) 
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Figure 1. Map of Louisiana, eastern Texas, southern Arkansas, and southwestern Mississippi showing 
distribution of uninfected Procambarus acutus as well as those infected with Alloglossoides caridicola. 
Stippled area indicates the prairie vegetation region of southwestern Louisiana. 


noted a few scattered locations (map points) for 
P. acutus in the marsh vegetation region, which 
lies mostly south of 30°N latitude (Fig. 1). After 
extensive collecting in that region, I have been 
unable to obtain P. acutus', however, P. clarkii 
was abundant and presumably displaces P. acu¬ 
tus in the marsh. 

Procambarus acutus was collected from all of 
Louisiana’s other major vegetation regions, as 
recognized by Brown (1972). Within these re¬ 
gions, infected P. acutus occurred in all type 
habitats sampled (Table 1), except a commercial 
crayfish pond near Henderson, Louisiana. This 
pond had been a swamp prior to aquaculture and 
also supported a population of P. clarkii. While 
both species were sympatric at 13 other Loui¬ 


siana localities, only P. acutus harbored A. cari¬ 
dicola. 

Distribution of A. caridicola was not as wide¬ 
spread as that of its crayfish host. Results of ex¬ 
amination of crayfish from the prairie vegetation 
region (Fig. 1) proved unexpected, in that none 
of 40 P. acutus from 3 localities (Crowley, Eu¬ 
nice, and Lawtell) exhibited infection. Further¬ 
more, no infections were noted in 40 crayfish 
from 3 localities (Starks, Ville Platte, and west 
of Opelousas) closely bordering the prairie. 

Infection with A. caridicola extended beyond 
Louisiana and into eastern Texas, southern Ar¬ 
kansas, and southwestern Mississippi (Fig. 1). In 
these adjoining states, as in Louisiana, swamps, 
ditches, streams, creeks, and rivers evidently 
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provided suitable habitats for completion of the 
parasite’s life cycle. 

Prevalence of infection was 0% at 22 locali¬ 
ties, but it ranged from 5.6% to 100% at 23 lo¬ 
calities (Table 1). Significant among high prev¬ 
alence localities was a roadside swamp near 
Milam, Texas, where all of 18 crayfish were in¬ 
fected. Because worms are long, slender, and 
fragile, they are difficult to remove intact. There¬ 
fore, no attempt was made to determine intensity 
of infection. However, the Milam crayfish had 
relatively higher estimated intensities (^10 
worms per antennal gland) than those from low¬ 
er prevalence localities, where estimated worm 
burdens usually ranged from 1 to 5 per infected 
gland. 

Hobbs and Hobbs (1990) believed P. acutus 
to be a species complex and that over its range, 
certain populations, previously identified as P. 
acutus, were in fact new species. One such spe¬ 
cies was P. zonangulus, which was described 
from specimens collected in Hardin, Jefferson, 
and Orange counties in southeastern Texas 
(Hobbs and Hobbs, 1990). Although none of my 
collecting sites were within those 3 counties, P. 
zonangulus was not collected from sites in New¬ 
ton County, Texas, nor from Calcasieu Parish, 
Louisiana, both of which border the region 
where P. zonangulus reportedly occurs. 


In light of the apparent host specificity exhib¬ 
ited by A. caridicola, further research is war¬ 
ranted to determine whether P. zonangulus har¬ 
bors this infection. 

This research was supported by the Jack V. 
Doland Endowed Professorship awarded to the 
author. 
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Research Note 

Nematodes of Two Skinks, Ctenotus leonhardii and Ctenotus 
quattuordecimlineatus (Sauria: Scincidae), from Western Australia 

Stephen R. Goldberg, 1 - 3 Charles R. Bursey, 2 and Sonia Hernandez 1 

1 Department of Biology, Whittier College, Whittier, California 90608 (e-mail: sgoldberg@whittier.edu) and 

2 Department of Biology, Pennsylvania State University, Shenango Campus, 147 Shenango Avenue, Sharon, 
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abstract: Thirty-one Ctenotus leonhardii and 30 C. 
quattuordecimlineatus from Western Australia were 
examined for helminths. Ctenotus leonhardii harbored 
the nematodes Maxvachonia chahaudi and Ahbreviata 
sp. (larvae), and C. quattuordecimlineatus harbored 
the nematodes M. chahaudi, Parapharyngodon kar- 


’ Corresponding author. 


tana, Physalopteroides filicauda, Wanaristrongylus 
ctenoti, and Ahbreviata sp. (larvae). Highest preva¬ 
lence (30%) was recorded for Ahbreviata sp. in C. 
quattuordecimlineatus, and greatest mean intensity 
(3.5) was recorded for Ahbreviata sp. in C. leonhardii. 
Ctenotus leonhardii represents a new host record for 
M. chahaudi and Ahbreviata sp. Ctenotus quattuor¬ 
decimlineatus represents a new host record for M. cha- 
baudi and P. kartana. 
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KEY WORDS: Ctenotus leonhardii, Ctenotus quat- 
tuordecimlineatus, Scincidae, Western Australia, Max- 
vachonia chabaudi, Parapharyngodon kart ana, Phys- 
alopteroides filicauda, Wanaristrongylus ctenoti, Ab- 
breviata sp. 

Ctenotus leonhardii (Sternfeld, 1919) occurs 
from the central coast of Western Australia 
through the southern Northern Territory and 
northern South Australia to Queensland and 
New South Wales; C. quattuordecimlineatus 
(Sternfeld, 1919) occurs from central Western 
Australia through adjacent regions of northwest¬ 
ern South Australia and southwestern Northern 
Territory (Cogger, 1992). There are no previous 
reports of nematodes from C. leonhardii ; there 
is 1 report (Jones, 1995a) from C. quattuorde¬ 
cimlineatus. The purpose of this note is to report 
intestinal nematodes from C. leonhardii and C. 
quattuordecimlineatus from Western Australia. 

Thirty-one C. leonhardii (17 females, 14 
males; mean ± SD snout-vent length [SVL] = 
67.8 ± 6.5 mm, range = 56-79 mm) and 30 C. 
quattuordecimlineatus (16 females, 14 males; 
SVL = 59.3 ± 4.5 mm, range = 52-72 mm) 
were borrowed from the herpetology collection 
of the Natural History Museum of Los Angeles 
County and examined for helminths. The C. 
leonhardii specimens were collected between 
1966 and 1967, 29 km S of Atley homestead, 
(28°27'S, 119°05'E), Western Australia; C. quat¬ 
tuordecimlineatus specimens were collected in 
1967, 10 from 29 km S of Neale Junction 
(28°30'S, 125°50'E) and 20 from 38 km E of 
Laverton (28°28'S, 112°50'E). All lizards were 
mature. The Natural History Museum of Los 
Angeles County accession numbers for the hosts 
that we examined are as follows: C. leonhardii : 
55862, 55864, 55866, 55869, 55871, 55876, 

55878, 55879, 55882, 55884, 55886, 55888, 

55890, 55892, 55893, 55895, 55896, 55900, 

55902, 55903, 55906, 55908-55912, 55914, 

55915, 55918, 55925, 55927; C. quattuordecim¬ 
lineatus-. 56087, 56089, 56091-56093, 56097, 
56098, 56111, 56112, 56121, 56124, 56126, 

56128, 56130-56133, 56135, 56136, 56139, 

56140, 56142, 56145-56147, 56150, 56151, 

56154, 56156. These specimens had been col¬ 
lected for use in an ecological study (Pianka, 
1969) and they were originally fixed in 10% for¬ 
malin and preserved in ethanol. Because the 
ecological study included stomach analysis, only 
small and large intestines remained with the car¬ 


casses; however, 4 pyloric stomach regions were 
present in the C. leonhardii sample and 2 were 
present in the C. quattuordecimlineatus sample. 
The portions of stomach, small intestine, large 
intestine, and body cavity were examined with 
a dissecting microscope. Nematodes were re¬ 
moved and identified using the standard glycerol 
wet mount procedure. Terminology usage is in 
accordance with Bush et al. (1997). 

Ctenotus leonhardii harbored 2 species of 
nematodes: Maxvachonia chabaudi Mawson, 
1972 and Abbreviata sp. (third stage larvae 
only). The lizard is a new host record for these 
nematodes. Ctenotus quattuordecimlineatus har¬ 
bored 5 species of nematodes: M. chabaudi, 
Parapharyngodon kartana (Johnston and Maw¬ 
son, 1941), Physalopteroides filicauda Jones, 
1985, Wanaristrongylus ctenoti Jones, 1987, and 
Abbreviata sp. (third stage larvae only). This liz¬ 
ard is a new host record for M. chabaudi and P. 
kartana. Selected nematodes were deposited in 
the United States National Parasite Collection 
(USNPC) with the following accession numbers: 
M. chabaudi from C. leonhardii, USNPC 87615; 
Abbreviata sp. from C. leonhardii, USNPC 
87616; M. chabaudi from C. quattuordecimli¬ 
neatus, USNPC 87617; P. kartana from C. quat¬ 
tuordecimlineatus, USNPC 87618; Abbreviata 
sp. from C. quattuordecimlineatus, USNPC 
87619; P. filicauda from C. quattuordecimlinea¬ 
tus, USNPC 87620. Prevalence, mean intensity, 
mean abundance, and sites of infection are given 
in Table 1. There was no significant difference 
for prevalence of infection (percentage of lizards 
infected) between C. leonhardii and C. quat¬ 
tuordecimlineatus for M. chabaudi or Abbrev¬ 
iata sp. (x 2 = 1.02 and 1.72, respectively, 1 df, 
P > 0.05). Too few individuals of the other hel¬ 
minth species were found to permit statistical 
analysis. 

With the exception of P. kartana, the other 4 
helminth species found in this study have pre¬ 
viously been reported from species of Ctenotus. 
Maxvachonia chabaudi was found in C. aus¬ 
tralis, C. labillardieri, C. leae, and C. regius 
(Mawson, 1972; Goldberg and Bursey, 1995); P. 
filicauda was found in C. calurus, C. dux, C. 
grandis, C. helenae, C. pantherinus, C. quat¬ 
tuordecimlineatus, and C. schomburgkii (Jones, 
1995a); W. ctenoti was found in C. ariadnae, C. 
calurus, C. dux, C. grandis, C. helenae, C. 
pantherinus, C. quattuordecimlineatus, and C. 
schomburgkii (Jones, 1987, 1995a); and Abbrev- 
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Table 1. Nematodes from Ctenotus leonhardii (n = 31) and C. quattuordecimlineatus (n = 30) from West¬ 
ern Australia. 


Host 

Nematode 

Prevalence _ 
(%) 

Intensity 

x ± SD 

Range 

Abundance 
(.v ± SD) 

Site 

Ctenotus leonhardii 

Maxvachonia chabaudi* 

26 

3.3 ± 2.0 

1-6 

0.84 ± 

1.73 

stomach, intestines 

Abbreviata sp. (encysted larvae)* 

13 

3.5 ± 1.7 

2-6 

0.45 ± 

1.31 

gastric peritoneum 

Ctenotus quattuordecimlineatus 

Maxvachonia chabaudi* 

13 

3.3 ± 2.1 

1-6 

0.43 ± 

1.31 

stomach, intestines 

Parapharyngodon kartana * 

10 

2.7 ± 1.5 

1-4 

0.27 ± 

0.91 

intestines 

Physalopteroides filicauda 

3 

1.0 


0.03 ± 

0.18 

stomach 

Wanaristrongylus ctenoti 

7 

1.0 


0.07 ± 

0.25 

stomach, small intestine 

Abbreviata sp. (encysted larvae) 

30 

1.7 ± 1.0 

1-4 

0.50 ± 

0.94 

gastric peritoneum 


* New host record. 


iata sp. larvae was found in C. regius and C. 
schomburgkii (Goldberg and Bursey, 1995). In 
addition, cysts containing larvae of physalopter- 
id nematodes (possibly Abbreviata sp.) were 
found in C. calurus, C. dux, C. grandis, C. he- 
lenae, C. pantherinus, C. quattuordecimlineatus, 
and C. schomburgkii (Jones, 1995a). 

The 5 helminth species reported have also oc¬ 
curred in other reptile genera. Maxvachonia cha- 
baudi was found in Australia in the scincids 
Egernia, Eulamprus, Hemiergis, Lerista, and 
Morethia, in a gekkonid, Phyllurus, and in an 
elapid snake, Pseudonaja (Baker, 1987). Para- 
pharyngodon kartana was originally described 
from the Australian skink, Hemiergis peronii, as 
Thelandros kartana Johnston and Mawson, 1941 
but was moved to the genus Parapharyngodon 
by Adamson (1981). It is known in Australia 
from the agamid Amphibolurus, a gekko Chris- 
tinus, and the scincids Hemiergis, Lerista, and 
Lygo soma (Baker, 1987) and from Samoa from 
the scincid Emoia (Goldberg and Bursey, 1991). 
Physalopteroides filicauda has been reported in 
Australia from the agamids Ctenophorus, Lo- 
phognathus, and Pogona, from the scincids 
Cryptoblepharus, Egernia, and Lerista, from a 
varanid Varanus, and from the gekkonids Diplo- 
dactylus, Gehyra, and Nephrurus (Jones, 1986, 
1987, 1995a). Wanaristrongylus ctenoti has 
been reported in Australia from the scincid 
Egernia, from an agamid Ctenophorus, and from 
the gekkonid Nephrurus (Jones, 1995a). Larvae 
of Abbreviata sp. are widespread in Australia; 
Jones (1995b) reported larvae in gastric tissues 
from snakes (Elapidae) and 5 lizard families 


(Agamidae, Gekkonidae, Pygopodidae, Scinci- 
dae, and Varanidae). 

The genus Ctenotus is diverse, with >70 de¬ 
scribed species (Cogger, 1992). Initial helmin¬ 
thological work with the genus Ctenotus indi¬ 
cates that known parasites are shared with hosts 
representing other families of reptiles. Exami¬ 
nation of additional species will be required be¬ 
fore helminth diversity and specificity can be 
evaluated for Australian reptiles. 

Eric R. Pianka (University of Texas, Austin) 
and Robert L. Bezy (Natural History Museum 
of Los Angeles County) permitted the exami¬ 
nation of Ctenotus leonhardii and C. quattuor¬ 
decimlineatus. The identification of Wanaris¬ 
trongylus ctenoti was made by Marie-Claude 
Durette-Desset (Museum National d’Histoire 
Naturelle, Paris, France). 
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Presence of Eustrongytides sp. (Jagerskiold, 1909) (Nematoda: 
Dioctophymatoidea) in Galaxias maculatus (Jenyns, 1842) (Pisces: 
Galaxiidae) from Patagonia, Argentina 
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abstract: During a study of the parasitofauna of 
Galaxias maculatus from Patagonia, Argentina, spec¬ 
imens with melanosis on the caudal peduncle were 
found. The melanosis was caused by encapsulation of 
an Eustrongylides sp. larva. By experimentation using 
chicks, a subadult with a poorly developed posterior 
end and a cephalic end similar to E. tubifex was ob¬ 
tained. This is the first report of Eustrongylides in fish¬ 
es from Argentina and in G. maculatus from South 
America, including a new location and type of reac¬ 
tion. 

KEY words: Eustrongylides sp., Galaxias macula¬ 
tus, melanosis, Argentina, Patagonia. 

Eustrongylides sp. (Jagerskiold, 1909) is a 
cosmopolitan genus, and its larva has been re¬ 
ported as parasitizing galaxiids from Australia 
(Johnston and Mawson, 1940) and Galaxias ma¬ 
culatus from New Zealand (Hine, 1978) and 
Australia (Pollard, 1974). Its life cycle includes 
an aquatic oligochaete, a fish, and a piscivorous 
bird. In the fish, the larva migrates from the di- 
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gestive tract to the cavity or musculature of the 
body wall (Measures, 1988 a, b, c). 

Eustrongylidosis can reach epizootic propor¬ 
tions when the environment has been altered by 
anthropic action, allowing proliferation of aquat¬ 
ic oligochaetes (Spalding et al., 1993); for ex¬ 
ample, a high mortality of piscivorous birds due 
to E. ignotus has been reported in North Amer¬ 
ica (Spalding and Forrester, 1993). Also, humans 
can acquire the parasite by eating raw or poorly 
cooked fish (Lichtenfels and Stroup, 1985). 

During a survey of parasites of G. maculatus 
(Jenyns, 1842) in Patagonia, Argentina, monthly 
samples were taken at different depths (0 to 50 
m) from Lake Gutierrez (41°12'S, 71°26'W). 
This oligotrophic, nonpolluted lake is of glacial 
origin, with 112.2 m of maximum depth and wa¬ 
ter temperatures ranging from 6° to 16°C. A total 
of 1,669 G. maculatus specimens (33.7-61.3- 
mm length; X = 44.5) were checked between 
1994 and 1997. 

Macroscopic observation revealed fish with 
swelling and a strongly melanized capsule at the 
caudal peduncle (Fig. 1). The capsules are 3.7 
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Figure 1. Capsule formed by Eustrongylides sp. in G. maculatus caudal peduncle. Scale bar = 1 mm. 


to 5 mm in length, 1.4 to 3.9 mm in height, 
nearly oval shaped, black colored, and with 
smooth and regular surface. Dissection of cap¬ 
sules showed the presence of 1 living nematode 
larva in each one. The intracapsular liquid is col¬ 
orless, and the larva is situated between muscle 
and vertebral column. Third- or fourth-stage lar¬ 
vae obtained were assigned to the genus Eu¬ 
strongylides, as they had a mouth in the form of 
a dorsoventral slit, 2 rings of 6 labial papillae, 
terminal genital primordia, and rounded poste¬ 
rior extremity with terminal anus (Lichtenfels 
and Madden, 1980). 

The parasites occurred only during summer 
months, with temperatures ranging from 10° to 
16°C. Infected fish (39-60-mm length) were 
only captured near the shore. The total preva¬ 
lence of Eustrongylides in G. maculatus was 
0.78%, with the highest value (8%) recorded in 
January 1997. Mean intensity was always 1.00. 

Of the nematodes obtained, 6 specimens were 
third stage larvae and 5 were fourth-stage lar¬ 
vae, according to characterization of Lichtenfels 


and Pillit (1986) for larvae of Eustrongylides sp. 
Both third-stage larvae (9-19 mm long) and 
fourth-stage larvae (16-24 mm long) were 
smaller than larvae of E. tubifex described by 
Measures (1988c). Morphology of genital pri¬ 
mordia allowed identification of the sexes of 
fourth-stage larvae as 3 males and 2 females. 

Three fourth-stage larvae were used for ex¬ 
periments using 3 newly hatched chicks to ob¬ 
tain adults for species determination. A fourth- 
stage larva was obtained at 22 hr postinfection 
and a subadult at 18 days postinfection. Both 
were located in the wall of the proventriculus. 
One chick died at 6 days postinfection, and no 
worms were found at necropsy. 

The subadult worm (40 mm long) was studied 
following Measures (1988a). It had an inner cir¬ 
cle of 6 labial papillae with spinelike apices and 
an outer circle of 6 larger cephalic papillae with 
wide bases and nipplelike apices. Due to the 
stage of conservation and maturity, the poorly 
developed caudal end was not of diagnostic val¬ 
ue. The morphological features described coin- 
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cide with the redescription of E. tubifex by Mea¬ 
sures (1988a). The species can only be defini¬ 
tively assigned after further experimentation, 
which is difficult to carry out because of the low 
prevalence and intensity of infections in nature. 

The fish host is probably an important item in 
the diet of piscivorous birds, but only 1 such 
report about Phalacrocorax atriceps has been 
published and G. maculatus is indeed included 
as an element in its diet (Rasmussen et al., 
1992). Infection to man is possible, but to our 
knowledge, this particular fish is routinely used 
as food only in Chile. 

Although nematode parasites are often encap¬ 
sulated by the host, the aberrant location in the 
caudal peduncle and this type of reaction have not 
been previously recorded in any species of Eus- 
trongylides described in fishes. This is the first re¬ 
port of Eustrongylides sp. from Argentina and the 
first in G. maculatus from South America. 

We thank Lie. Liliana Semenas for reviewing 
and making suggestions to the original manu¬ 
script. Financial support for this study was pro¬ 
vided by Universidad Nacional del Comahue, 
Argentina (UNC-B702/96). 
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abstract: Three species of fish of great economic 
interest, Dicentrarchus labrax (Linnaeus) (N = 15), 
Anguilla anguilla (Linnaeus) (N = 20), and Mugil ce¬ 
phalus Linnaeus ( N = 20), were collected during April 
and June 1997 from Biguglia Pond in Corsica, France, 
and examined for metazoan parasites. A total of 25 
ectoparasite and endoparasite species were recovered, 
13 of which were from M. cephalus, 5 from A. an¬ 
guilla, and 7 from D. labrax. The copepod Nipergas- 
ilus bora is reported for the first time from Corsica. 

key words: Corsica, fish, Anguilla anguilla, Di¬ 
centrarchus labrax, Mugil cephalus, ectoparasites, en- 
doparasites, Nipergasilus bora. 

Biguglia Pond, a natural reserve-listed site, is 
the largest coastal pond in Corsica, France. It is 
a brackish environment in which fishery is a pre¬ 
ponderant activity (Frisoni and Dutrieux, 1992), 
and the sea bass, Dicentrarchus labrax (Linnae¬ 
us), the European eel, Anguilla anguilla (Lin¬ 
naeus), and the flathead grey mullet, Mugil ce¬ 
phalus Linnaeus, are of great economic interest. 
Two of these 3 fish, the sea bass and the flathead 
grey mullet, migrate to the open sea at the be¬ 
ginning of the egg-laying period, whereas the 
European eel stays many years in the pond and 
is more sensitive to the quality of the environ¬ 
ment (Brusle, 1989). Consequently, the Euro¬ 
pean eel can be considered a sedentary species. 

To our knowledge, nothing has been pub¬ 
lished about the parasite fauna of these 3 hosts 
in Mediterranean ponds. The recent study of 
Sasal et al. (1997) focused on parasites of fish 
collected from the open sea. 

Fifteen adult sea bass (mean standard length 
[SL], 29.6 cm ±2.1 SD, range: 24.0-33.0 cm), 
20 adult flathead grey mullet (mean SL, 34.7 cm 
± 2.7 SD, range: 30.0-39.0 cm) and 20 adult 
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European eels (mean SL, 53.8 cm ± 9.4 SD, 
range: 40.0-72.0 cm) were collected by netting 
from Biguglia Pond during April and June 1997. 
All fish were dissected the day they were cap¬ 
tured. The digestive tract extending from the 
esophagus to the rectum was removed, along 
with gills, liver, and swimbladder. Each organ 
was examined separately under a dissecting mi¬ 
croscope. Monogeneans and digeneans were 
fixed in Bouin’s solution (Langeron, 1949), and 
the other metazoan parasites were fixed in 70% 
alcohol. 

The terms “prevalence,” “abundance,” and 
“mean intensity” are used as defined by Bush 
et al. (1997). 

Of the 55 fish, only 3 eels and 2 sea bass were 
free of parasites. Seven species of parasites were 
recorded from D. labrax'. 2 copepods ( Leman- 
thropus kroyeri Van Beneden, 1851 and Caligus 
minimus Otto, 1828), 2 monogeneans ( Diplec - 
tanum aequens Wagener, 1857 and Serranicotyle 
labracis (Van Beneden and Hesse, 1863)), 2 di¬ 
geneans ( Labratrema minimus (Stossich, 1887) 
and Timoniella praeteritum (Looss, 1901)), and 
1 unidentified larval nematode found encapsu¬ 
lated in the gut wall (Table 1). The prevalence 
and the mean intensity of the monogenean D. 
aequens, 80% (12 of 15) and 48.7, respectively, 
are the highest observed in this study. In the 
partly closed system, this monogenean may in¬ 
fest all hosts and reach very high intensity levels 
(Oliver, 1987). Sea bass is a voracious predator, 
and many species of Digenea have been reported 
from it. Yet only 2 digeneans were identified in 
our sample, 1 with a prevalence of 13% (2 of 
15) and the other with a prevalence of 27% (4 
of 15). The study of Sasal et al. (1997) has 
shown that sea bass are not infected with dige¬ 
neans in open water. However, their study and 
our studies are not quite comparable, since we 
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Table 1. Prevalences, abundances, and intensities of sea bass (N = 15), European eel (N = 20) and flathead grey mullet (N = 20) in Corsica, France. 


vC 

ON 


Species 


Accession 

No. 


Prevalence 

Abun¬ 
dance 
± SD 

Intensity 


Location " 
in host 

No. 

% 

Mean ± SD 

Range 

Dicentrarchus labrax (Linnaeus) 








Copepoda 

Lernanthropus kroyeri (Van Beneden, 1851) 

MNHN-Cpl495 

G 

3 

20 

3.3 ± 1 1.8 

16.3 ± 25.7 

1-46 


Caligus minimus (Otto. 1 828) 

MNHN-Cpl494 

G 

2 

13 

0.1 ± 0.35 

1.0 ± 0 

1 

Monogenea 

Diplectanum aequens (Wagener, 1857) 

597MF 

G 

12 

80 

39.0 ± 57.1 

48.7 ± 60.3 

5-226 


Serranicotyle labracis (Van Beneden and Hesse, 1863) 

600MF 

G 

1 

7 

1.1 ±4.1 

16.0 ± 0 

16 

Digenea 

Labratrenui minimus (Stossich, 1887) 

603MF 

I 

2 

13 

1.0 ± 2.7 

7.5 ± 2.2 

6-9 


Timonieiia praeteritum (Looss, 1901) 

608MF 

P 

4 

27 

1.9 ± 5.2 

7.2 ± 8.6 

2-20 

Nematoda 

Unidentified nematode larvae 

— 

GW 

2 

13 

— 

90.5 ± 13.4 

81-100 

Anguilla anguiUci (Linnaeus) 








Copepoda 

Ergasilus gibbus (Nordmann, 1832) 

— 

G 

7 

35 

6.2 ± 14.7 

17.6 ± 21.3 

1-48 

Monogenea 

Pseudodactylogyrus anguillae (Yin and Sproston, 1948) 


G 

3 

15 

1.6 ± 6.2 

10.7 ± 15.0 

1-28 

Digenea 

Deropristis inflate! (Molin, 1858) 

607MF 

I 

1 1 

55 

4.5 ± 5.6 

8.2 ± 5.2 

1-14 

Cestoda 

Bothriocephalus claviceps (Goeze, 1782) 

598MF 

I 

4 

20 

0.25 ± 0.5 

1.2 ± 0.5 

1-2 

Nematoda 

Anguillicola crassus (Kuwahara, Niimi, and Itagaki, 1974) 

599MF 

SW 

1 1 

55 

3.35 ± 4.8 

6.1 ± 5.0 

1-16 

Mugil cephalus Linnaeus 








lsopoda 

Nerocila orbignyi (Guerin-Meneville, 1829-1832) 

MNHN-Is5 101 

s 

1 

5 

0.1 ± 0.2 

1.0 ± 0 

1 

Copepoda 

Pseudocaligus apodus (Brian, 1928) 

MNHN-Cpl491 

G 

2 

10 

0.2 ± 0.5 

1.5 ± 0.7 

1-2 


Ergasilus lizae (Kroyer, 1863) 

MNHN-Cpl492 

G 

12 

60 

6.0 ± 11.3 

9.9 ± 13.4 

1-46 


Nipergasilus bora (Yamaguti, 1939) 

MNHN-Cpl493 

G 

9 

45 

3.0 ± 5.2 

6.7 ± 6.0 

1-17 

Monogenea 

Ligophorus mugilinus (Hargis, 1955) 

606MF 

G 

5 

25 

3.8 ± 9.3 

15.0 ± 14.1 

3-35 


Ligophorus chabaudi (Euzet and Suriano, 1977) 

605 MF 

G 

1 

5 

0.6 ± 2.7 

12.0 ± 0 

12 


Metamicrocotyla cephalus (Azim, 1939) 

60 IMF 

G 

6 

30 

0.7 ± 1.2 

2.2 ± 1.2 

1-4 


Microcotyle mugilis (Vogt, 1 878) 

602MF 

G 

9 

45 

0.9 ±1.1 

1.8 ± 0.9 

1-3 

Myxozoa 

Unidentified myxosporidia 

— 

G 

1 

5 

— 

— 

— 

Digenea 

Haplosplanclinus pachysomus (Eysenharrdt, 1 829) 

595MF 

I 

8 

40 

2.9 ± 4.5 

7.2 ± 8.8 

1-26 


Haptoporus sp. 

604MF 

I 

9 

45 

26.4 ± 42.8 

58.6 ± 47.1 

5-150 

Nematoda 

Cucullanus sp. 

596MF 

I 

1 

5 

0.1 ± 0.4 

2.0 ± 0 

2 

Acanthocephala 

Ncoechinorliynchus agilis (Rudolphi, 1819) 

594 MF 

1 

16 

80 

26.9 ± 49.4 

33.6 ± 53.4 

1-201 


* All specimens were deposited at National Museum of Natural History (Paris, France). 

f Location in host: G = gill. GW = gut wall. 1 = intesti^£ fh ^ of Washington 
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are dealing with fish from lagoons, which pro¬ 
vide a special, partially closed milieu rich in in¬ 
termediate hosts (Maillard, 1976). 

Five parasite species were recorded from the 
European eel: 1 copepod ( Ergasilus gibbus 
Nordmann, 1832), 1 monogenean ( Pseudodac- 
tylogyrus anguillae (Yin and Sproston, 1948)), 
1 digenean ( Deropristis inflata (Molin, 1858)), 
1 nematode ( Anguillicola crassus Kuwahara, Ni- 
imi, and Itagaki, 1974), and 1 cestode ( Bothrio- 
cephalus claviceps (Goeze, 1782)) (Table 1). 
Pseudodcictylogyrus anguillae and A. crassus, 
with a prevalence of 15% (3 of 20) and 55% (11 
of 20), respectively, are both allochthonous spe¬ 
cies that are only found in a freshwater or oli- 
gohaline (very low salt content) milieu (Dupont 
and Petter, 1988; Kpie, 1991). Their initial host 
is the Japanese eel (Kpie, 1991). Similarly, the 
development of the copepod E. gibbus is stim¬ 
ulated by a weak salinity of the environment 
(Raibaut and Altunel, 1976). The presence of A. 
crassus in Corsica is enigmatic, since no Japa¬ 
nese eel (and no European eel, to our knowl¬ 
edge) has ever been introduced to the island. 

Parasite diversity of the flathead grey mullet 
is much higher than was observed for the 2 pre¬ 
vious hosts, especially for the ectoparasites (Ta¬ 
ble 1). For the flathead grey mullet, 3 copepod 
species were identified ( Pseudocaligus apodus 
Brian, 1928, Ergasilus lizae Kroyer, 1863, and 
Nipergasilus bora (Yamaguti, 1939)). For 1 of 
them, N. bora, Corsica is a new locality record 
for M. cephalus. Ergasilus lizae, however, 
reaches maximum infection rates in the oligo- 
haline milieu (Ben Hassine, 983). One isopod, 
Nerocila orbignyi (Guerin-Meneville, 1829- 
1832), was collected from the skin of only 1 
individual host. Four monogeneans were recov¬ 
ered from the gills ( Ligophorus mugilinus (Har¬ 
gis, 1955), Ligophorus chabaudi Euzet and Sur- 
iano, 1977, Metamicrocotyla cephalus (Azim, 
1939), and Microcotyle mugilis Vogt, 1878). 
One species, L. chabaudi, has been rarely found 
in the flathead grey mullet in the Mediterranean 
Sea (Euzet et al., 1993). Cysts of a myxosporid- 
ian parasite were also found on the gills of 1 
fish. Among the endoparasites removed from the 
gut, 2 digeneans and an acanthocephalean, 
Neoechinorhynchus agilis (Rudolphi, 1819) 
were identified. Neoechinorhynchus agilis 
showed high prevalence and mean intensity. 

With the exception of P. anguillae (see K0ie 
1988) and N. orbignyi, the latter of which is sel¬ 


dom reported found in M. cephalus (see Trifles 
1968), the other ectoparasites observed are spe¬ 
cialists found only on their preferred host (Euzet 
and Combes, 1969; Euzet and Suriano, 1977; 
Raibaut and Ben Hassine, 1977). The same is 
true for the endoparasites, except for N. agilis, 
which is not specific for M. cephalus (Petro- 
chenko, 1971; Maillard, 1976). 

Mean intensities observed for our samples 
may not really reflect the mean intensities found 
generally in this biotope, which is an enclosed 
environment favoring parasite circulation. The 
values of parasite diversity, species richness, and 
abundance seem to be low compared to similar 
biotopes around the Mediterranean Sea. For ex¬ 
ample, Ben Hassine (1983) found higher prev¬ 
alence of copepods in brackish Tunisian ponds, 
and Maillard (1976) found higher species rich¬ 
ness of digeneans in brackish ponds of Langue- 
doc-Roussillon (France) than those encountered 
in Corsica. Similarly, although described as a 
sedentary species, the European eel from Cor¬ 
sica did not harbor many macroparasites com¬ 
pared to the results obtained by K0ie (1988) in 
Denmark. 

We would like to thank Louis Euzet, Andre 
Raibaud, and Alain Albaret for assistance in 
identifying monogeneans, copepods, and dige¬ 
neans. In addition, all the fishermen of the Bi- 
guglia Pond are thanked for assistance in col¬ 
lecting sea bass, European eels, and flathead 
grey mullet. We are grateful for the comments 
of 2 anonymous referees. 
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